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Cranes,  Travellers,  Winches,  etc. 

Joseph  Booth  &  Bros.  Ltd,  Kodley,  Leeds. 
Thomas  Broadbent  &  Sons,  Ltd.,  Huddeisikki. 
Niles-Bement  Pond  Co.,  23.25,  Victoria  Street,  London,  S.W. 

Cranks. 

Clarke's  Crank  &  Forge  Co.,  Ltd.,  Lincoln,  England. 

Cutters  (Milling). 

E.  G.  Wrigley  &  Co.,  Ltd.,  Foundry  Lane  Works,  Soho,  Birmingham. 

Destructors. 

Hersfall    Destructor    Co.,    Ltd.,    Lord    Street     Works,    Whitehall 
Road,  Leeds. 

Dredges  and  Excavators. 

Lobnitz  &  Co.,  Ltd.,  Renfrew. 

Rose,  Downs  &  Thompson,  Ltd.,  Old  Foundry,  Hull. 

Economisers. 

E.  Green  &  Son,  Ltd.,  Manchester. 

Ejectors  (Pneumatic). 

Hughes  &  Lancaster,  47,  Victoria  Street,  London,  S.W. 

Electrical  Apparatus. 

Allgemeine  Elektricitats  Gesellschaft,  Berlin,  Germany. 

British  Westinghouse  Electric   &  Manufacturing  Co.,  Ltd.,   Norfolk 

Street,  Strand,  London,  W.C. 
Crompton  &  Co.,  Ltd.,  Arc  Works,  Chelmsford. 
Greenwood  &  Batley,  Ltd..  Albion  Works,  Leeds. 
The  India  Rubber,  Gutta  Percha,  and  Telegraph  Works  Co.,  Ltd., 

Silvertown,  London,  E. 
Mai  her  &  Piatt,  Ltd..  Salford  Iron  Works.  Manchester. 
Matthews  &  Yates,  Ltd.,  Swinton,  Manchester. 
Nalder  Bros.  &  Thompson,  34.  Queen  Street,  London,  E.C. 
Newton  Brothers,  Full  Street,  Derby. 
Phoenix  Dynamo  Manufacturing  Co.,  Bradford,  Yorki. 
Simplex  Steel  Conduit  Co.,  Ltd.,  so,  Buckler  slurry,  London,  E  C. 
Sturtevant    Engineering    Co.,    Ltd.,    147,    Queen     Victoria    Street, 

London,  E.C. 
E.  Tomlinson  &  Co.,  40,  Page  Street,  Westminster,  London,  S  W. 
Turner,  Atherton  &  Co.,  Ltd.,  Denton,  Manchester. 
B.  Weaver  &  Co.,  22,  Rosoman  Street,  ClcrkcnweM,  London,  E.C. 


Engines  (Electric  Lighting). 

J.  &  H.  McLaren,  Midland  Engine  Works,  Leeds. 

Engines  (Locomotive). 

Baldwin  Locomotive  Works,  Philadelphia,  Pa.,  U.S.A. 
Hunslet  Engine  Co.,  Ltd.,  Leeds,  England. 
Hudswell  Clarke  &  Co.,  Ltd.,  Leeds,  England. 
Engines  (Stationary). 
Allis-Chalmers  Co.,  533,  Salisbury  House,  Finsbury  Circus,  London, 

E.C. 
Fraser  &  Chalmers,  Ltd.,  3,  London  Wall  Buildings,  London,  E.C. 

Engines  (Traction). 

Jno.  Fowler  &  Co.  (Leeds),  Ltd,,  Steam  Plough  Works,  Leeds. 

Engravers.  . 

Jno.  Swain  &  Son,  Ltd.,  58,  Farringdon  Street,  London,  E.C. 

Fans,  Blowers. 

Davidson    &    Co.,    Ltd.,    "  Sirocco"    Engineering    Works,   Belfast. 

Ireland. 
James  Keith  &  Blackman  Co.,  Ltd.,  27,  Farringdon  Avenue,  London, 

E.C. 
Matthews  &  Yates,  Ltd.,  Swinton,  Manchester. 
Fire  Bricks. 
J.  H.  Sankey  &  Son,  Ltd.,  Essex  Wharf,  Canning  Town,  London,  E. 
E.  J.  &  J.  Pearson,  Ltd.,  Stourbridge. 

Firewood  Machinery. 

M.  Glover  &  Co.,  Patentees  and  Saw  Mill  Engineers,  Leeds. 

Fountain  Pens. 

Mabie,  Todd  &  Bard,  93,  Cheapside,  London,  E.C. 

Forging  (Drop)  Plants. 

Brett's  Patent  Lifter  Co.,  Ltd  ,  Coventry. 

Forgings  (Drop). 

J.  H.  Williams  &  Co.,  Brooklyn,  New  York.  U.S.A. 

Furnaces. 

Deighton's  Patent  Flue  &  Tube  Company,  Vulcan   Works,  Pepper 

Road,  Leeds. 
Leeds  Forge  Co.,  Ltd.,  Leeds. 
W.  F.  Mason,  Ltd.,  Engineers  Manchester. 
Poetter  &  Co.,  116,  Victoria  Street,  London,  S.W. 
Gas.  Producers. 
W.  p.  Mason,  Ltd..  Engineers,  Manchester. 

Gears. 

William  Asquith,  Ltd.,  Highroad  Well  Works,  Halifax. 
Buffoline  Noiseless  Gear  Co.,  Levenshulme,  Manchester. 
E.  Arnold  Pochin,  Croff  Street,  Pendleton,  Manchester. 

Gold  Dredging  Plant. 

Eraser  &  Chalmers,  Ltd.,  3,  London  Wall  Buildings,  London,  E.C. 

Gauge  Glasses. 

|.  B.  Treasure  &  Co.,  Vauxhall'Road,  Liverpool. 

Hammers  (Steam). 

Davis  &■  Primrose.  Leith  Ironworks.  Edinburgh. 
Niles-Bement  Pond  Co.,  23-25,  Victoria  Street,  London,  S.W. 

Hoisting  Machinery. 

See  Conveying  Machinery. 

Horizontal  Boring  Machines. 

William  Asquith,  Ltd.,  Highroad  Well  Works,  Halifax. 
Niles-Bement  Pond  Co.,  23-25,  Victoria  Street,  London,  S.W. 

Indicators. 

Dobbie  Mclnnes,  Ltd.,  41  &  42,  Clyde  Place,  Glasgow. 

Injectors. 

W  H.  Willcox  &  Co.,  Ltd.,  23,  34,  &  36.  Southwark  Street,  London. 

Iron  and  Steel. 

Askham  Bros.  &  Wilson,  Ltd.,  Sheffield. 

Brown,  Bayley's  Steel  Works,  Ltd.,  Sheffield. 

Consett  Iron  Co.,  Ltd.,  Consett,  Durham,  ani  Newcastle-on  Tyne. 

Earnley  Iron  Co.,  Ltd.,  Leeds  England. 

Fried.  Krupp,  Grusonwerk,  Magdeburg-Buckau,  Germany. 

Hadfield's  Steel  Foundry  Co.,  Ltd.,  Sheffield. 

J.  Frederick  Melling,  14,  Park  Row,  Leeds,  England. 

Parker  Foundry  Co,,  Derby. 

Walter  Scott,  Ltd.,  Leeds  Steel  Works,  Leeds,  England. 

Woodhouse  &  Rixson,  Sheffield. 

Jointing  Materials. 

Richard  Khnger  &  Co.,  66,  Fenchurch  Street,  London,  E.C. 

Laundry  Machinery. 

W.    Sunimerscales    &    Sons,    Ltd.,    Engineers,    Phoenix    Foundry, 
Keighley,  England. 

Lifts. 

Waygood  &  Co.,  Ltd.,  Falmouth  Road,  London,  S.E. 

Lubricants. 

Hliiinanii  &  Stern,  Ltd.,  Plough  Bridge,  Deptford,  London,  S.E. 
The  Reliance  Lubricating  Oil  Co.,  19  &  ao,  Water  Lane,  Great  Tower 
Street,  London,  E.C. 

Lubricators. 

Thomas  A.  Ashton,  Ltd.,  Norfolk  Street,  Sheffield. 
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Miscellaneous 
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WMLEfcBLTIROK«Srff£ 
CASTINGS  for 

ENGINEERS  &  TOOL  MAKERS 

TO  MACHINE  CLEAN  &  BRIGHT 
ALL  OVER. 

PARKER  FOUNDRY  GO.  DERBY 


RAILS 


11       LEEDS 


h^w°od    PATENT  FRICTION  CLUTCH  and  SHAFT 

&  BRIDGE  S  COUPLING. 


WE      MAKE 

CLUTCHES, 

SHAFTING, 
GEARING  and 

HAULING 
INSTALLATIONS 
A    SPECIALTY. 

Sixty  Page  Work  — Free. 

DON'T     MISS     THIS. 


Patentees  and  Sole  Makers  . 

|     DAVID  BRIDGE  &  CO., 

Castleton  Iron  Works, 

ROCHDALE.  LANCS 


London  Office . 

35.  Queen  Victoria  Street, 

E.C. 


GRIFFIN'S     STANDARD     PUBLICATIONS 

FOR 

ENGINEERS,    ARCHITECTS,    &    SURVEYORS. 

Title  ok  Work. 

CIVIL  ENGINEERING  

DESIGN  OF    STRUCTURES  

BRIDGE  CONSTRUCTION 

TRAVERSE  TABLES     

ROAD    MAKING        

WATER  SUPPLY      

SEWAGE  DISPOSAL  WORKS 

SANITARY    ENGINEERING  

CENTRAL   ELECTRICAL  STATIONS 

LIGHT    RAILWAYS         

MECHANICAL  ENGINEERING,   A   TEXT-BOOK 

MECHANICAL    ENGINEER'S    POCKET-BOOK 
ELECTRICAL  POCKET-BOOK  ... 
MARINE   ENGINEERING 

DOCK   ENGINEERING 

ENGINE-ROOM  PRACTICE 

POCKET-BOOK  OF  RULES   AND  TABLES 

STEEL  VESSELS    

STABILITY   OF    SHIPS 

LOCOMOTIVE    ENGINEERING 

VALVES  AND    VALVE  GEARING 

STEAM   AND  STEAM  ENGINES 

PUMPING  MACHINERY       

GAS,  OIL.  AND   AIR  ENGINES 

EFFICIENCY  OF    BOILERS         

HYDRAULIC    MACHINERY        

LUBRICATION   AND    LUBRICANTS 


AITHOR. 

Prof.  RanKine 

S.  Anglin... 
Prof.  Fidler 
R.  L.  Gurden 

T.  Aithen  

R.  Middleton 

Santo   Crimp 

F.  Wood 

C.  H.  Wordingham 

W.H.Cole  

Prof.  RanKine 

H.  H.  Suplee     

J.Munro  and  Prof.  Jamieson 

A.  E.  Seaton      

Brysson   Cunningham 

J.  G.  Liversidge  

Seaton  and    Rounthwaite 

T.  Walton  

Sir   E.J.  Reed 

W.  F.  Pettigrew 

Chas.  Hurst      

P.  of.  Jamieson  

H.  Davey 

Bryan    DonKin  

Bryan   DonKin  

Prof.  Robinson  

Archbutt  and    Deeley 


16s. 
16s. 
30s. 
21s. 
21s. 

8s. 
30s. 

8s. 
24s. 
16s. 

9s. 
18s. 

8s. 
21s. 
30s. 

6s. 

8s. 
18s. 
25s. 
21s. 

8s. 

8s. 
21s. 
25s. 
25s. 
34s. 
21s. 


Od. 

Od. 

Od. 

Od. 

Od. 

6d.    net. 

Od. 

6d.    net. 

Od.   net. 

Od. 

Od. 

Od.    net. 

6d. 

Od.    net. 

Od.    net. 

Od. 

ML 

Od.    neJ. 

Od. 

Od. 

6d. 

6d. 

Od 

Od. 

Od. 

Od. 

Od. 


LONDON  :    CHARLES    GRIFFIN    G    CO.,   Ltd.,    EXETER    STREET,  STRAND,  W.C. 


Machine  Tools. 
Grorge  Acldy  &  Co.,  Wavei  ley  Works,  Sheffield. 
William  Asquith,  Ltd.,  Highroad  Well  Works,  Halifax.  England. 
Hy.  Berry  &  Co.,  Ltd.,  Leeds. 

Bertram's.  Ltd.,  St.  Katherine's  Works.  Sciennes,  Edinburgh. 
Breuer.   Schumacher    &    Co,  Ltd,    Kalk,  near    CoIogne-on-Rhine 

(Germany). 
Britannia  Engineering  Co.,  Ltd.,  Colchester,  England. 
C.  W.  Burton  Griffiths  and  Co.,  i,  2,  &  3,  l.udgale  Square,  Ludgate 

Hill,  London,  E.C. 
Chas.  Churchill  &  Co.,  Ltd  ,  9-15,  Leonard  Street,  London.  E.C. 
Cunliffe  &  Croom.  Ltd..  Broughton  Ironworks,  Manchester. 
Jones  &  Lamson  Machine  Co.,  97,  Queen  Victoria  Street,  London,  E.C. 
John  Lang  &  Sons,  Johnstone,  near  Glasgow. 
Luke  &  Spencer,  Ltd.,  Broadheath,  Manchester. 
Jos.  C.  Nicholson  Tool  Co.,  City  Rd.  Tool  Wks.,  Newcastle-on-Tyne. 
Niles-Bement  Pond  Co.,  23  25,  Victoria  Street,  London,  S.W. 
Noble  &  Lund,  Ltd.   Felling-on-Tyne. 

Northern  Engineering  Co.,  1900,  Ltd.,  King  Cross,  near  Halifax. 
J.  Parkinson  &  Son.  Canal  Ironworks  Shipley,  Yorkshire. 
Pratt  &  Whitney  Co.,  23-25,  Victoria  Street,  London,  S.W. 
C.  Redman  &  Sons,  Halifax. 
Rice  &  Co.  (Leeds),  Ltd.,  Leeds,  England. 
Wm.  Ryder,  Ltd.,  Bolton,  Lanes. 
G.  F.  Smith,  Ltd..  South  Parade,  Halifax. 
John  Stirk  &  Sons,  Halifax. 
Taylor  and    Challen,   Ltd.,   Derwent    Foundry,    Constitution    Hill, 

Birmingham. 
H.  W.  Ward&  Co.,  Lionel  Street,  Birmingham. 
T.  W.  Ward,  Albion  Works.  Sheffield. 

West  Hydraulic  Engineering  Co.,  23,  College  Hill.  London,  E.C. 
Whitman  &  Barnes  Manufacturing  Co.,  149,  Queen  Victoria  Street, 

London,  E.C. 
Charles  Winn  &  Co.,  St.  Thomas  Works,  Birmingham. 

Metals. 

Magnolia  Anti-Friction  Metal  Co.,  Ltd.,  of  Great  Britain,  49,  Queen 

Victoria  Street.  London,  E.C. 
Phosphor  Bronze  Co.,  Ltd,,  Southwark,  London,  S.E. 

Metals  (Perforated). 

W.  Barns  &  Son,  Chalton  Street,  Euston  Road,  London,  N.W. 

Microscopes. 

W.  Watson  &  Sons,  313,  High  Holborn.  London,  W.C. 
Mining  Machinery. 

Chester,  Edward,  &  Co.,  Ltd. 

Fraser  &  Chalmer?,  Ltd.,  3,  London  Wall  Buildings,  London,  E.C. 
Hardy  Patent  Pick  Co.,  Ltd.,  Sheffield. 
Humbolt  Enginerring  Co..  Kalk,  Nr. Cologne,  Germanv. 
Ernest  Scott  &   Mountain,   Ltd.,  Electrical  and  General   Engineers, 
Newcastle-on-Tyne.  England. 

Office  Appliances. 

Library   Suppy   Co.,    Bridge    House,   181,   Queen  Victoria  Street, 

London,  E.C. 
Lyle  Co..  Ltd.,  Harrison  Street,  Gray's  Inn  Road,  London,  W.C. 
Partridge  &  Cooper,  Ltd.,  191-192  Heet  Street,  London,  E.C. 
Rockwell- Wabash  Co.  Ltd..  69.  Milton  Street,  London,  E.C. 
Shannon,  Ltd.,  Ropemaker  Street,  London,  E.C. 
The  Trading  and  Manufacturing  Co.,  Ltd.,  Temple  Bar  House,  Fleet 

Street,  London,  E.C. 

Packing. 

Frictionless   Engine  Packing    Co.,    Ltd.,    Hendham   Vale    Works, 

Harpurhey,  Manchester. 
Lancaster  &  Tonge.  Ltd.,  Pendleton,  Manchester. 
The  Quaker  City  Rubber  Co.,  101,  Leadenhall  Street,  London,  E.C. 
United    Kingdom    Self-Adjusting    Anti-Friction     Metallic    Packing 

Syndicate,  14.  Cook  Street,  Liverpool. 
United  States  Metallic  Packing  Co.,  Ltd..  Bradford, 
J.  Bennett  von  der  Heyde.6,  Brown  Street,  Manchester. 

Paint  (Metallic). 

Metallic  Paint  Co  ,  Ltd.,  Cardiff. 
Paper. 

Lepard  &  Smiths,  Ltd.,  29.  King  Street,  Covcnt  Garden,  London,  W.C. 
Photo  Copying  Frames. 

J.  Halden  &  Co..  8,  Albert  Square,  Manchester. 

B.  J.  Hall  &  Co.,  39,  Victoria  Street,  London,  S.W. 

Photographers. 

tlliott  ft  Fry,  55,  Baker  Street.  London,  W. 

Photographic  Apparatus. 

Marie. n  &  Co.,  Ltd.,  22,  23,  Soho  Square,  London,  W. 

W.  Watson  &  Sons,  313,  High  Holborn,  London,  W.C. 
Pistons. 

Lancasttr  &  Tonge,  Ltd.,  Pendleton,  Manchestei. 
Porcelain. 

Gustav  Richter,  Charlottenburg,  near  Berlin,  Germany. 
Presses  (Hydraulic). 

Niles-Bement  Pond  Co,  23-25,  Victoria  Street,  London,  S.W. 
Printing. 

Southwood,  Smith  &  Co.,  Ltd.,  Plough  Court,  Fetter  Lane.  London, 
E.C. 

Publishers. 

Crosby  Lockwood  ft  S  m,  7.  Stationers'  Hall  Court,  London,  E  C. 
Gresh.un  Publishing  Co.,  V}.  Southampton  Mm ■t.Mr.iud,  London,  W.C 
Charles  Griffin  ft  Co..  Ltd  .  Kxcter  Street,  Strand,  London,  W.C. 
New  Zealand  Mines  Record,  Wellington,  New  Zealand. 


Buyers'   Directory — (Continued). 

Publishers  (continued). 
South  Atncan  Mines,  Commerce,  and  Industries,  Johannesburg. 

Pulleys. 

John  Jardine,  Deering  Street,  Nottingham. 
H.  J.  H.  King  &  Co.,  Nausworth,  Glos. 

Pumps  and  Pumping  Machinery. 

Blake  &  Knowles   Steam   Pump  Works,  Ltd.,  179,  Queen  Victoria 

Street,  London,  e-.C. 
Drum  Engineering  Co.,  27,  Charles  Street.  Bradford. 
Fraser  &  Chalmers,  Ltd.,  3,  London  Wall  Luildings,  London,  E.C. 
J.  P.Hall  &  Sons,  Ltd.,  Engineers,  Peterborough. 
Hathorn,  Davey  &  Co.,  Ltd.,  Leeds-,  England. 
Positive  Rotary  Pumps,  Ltd.,  23,  Northumberland  Avenue,  London, 

W.C. 
Tangyes,  Ltd.,  Cornwall  Works,  Birmingham. 

Radial  Drilling  Machines. 

William  Asqumi,  Ltd.,  nighroad  Well  Works,  Halifax. 
Niles-Bement  Pond  Co.,  23-25,  Victoria  Strtet,  Lonuon,  S.W. 

Rails. 

Wm.  Firth,  Ltd.,  Leeds. 

Railway  Wagons. 

W.  li.  Kenshaw  &  Co.,  Ltd.,  Phoenix  Works,  Stoke-on-Trent. 

Riveted  Work. 

F.  A.  Keep,  Juxon  &  Co.,  Forward  Works,  Barn  Street,  Birmingham. 

Roof  Glazing. 

Mellowes  &  Co.,  Sheffield. 

Roofs. 

D.  Anderson  &  Son,  Ltd.,  Lagan  Felt  Works   Belfast. 
Alex.  Finalay  &  Co.,  Ltd.,  Motherwell,  N.B. 
Head,  Wrightson  &  Co.,  Ltd.,  1  hornaby-on-Tees. 

Scientific  Instruments. 

Cambridge  acieutihe  Instrument  Co.,  Ltd.,  Cambridge. 
Stampings. 
Thos.  Smith's  Stamping  Works,  Ltd.,  Coventry. 
Thomas  Smith  &  Son  of  Saltley,  Ltd.,  Birmingham. 

Stamps  (Rubber). 

Rubber  stamp  Co.,  I  &  2,  Holborn  Buildings,  Broad  Street  Corner, 
Birmingham. 

Stamps  (Metal). 

Edward  r ryor  &  Son,  68,  West  Street,  Sheffield. 

Steam  Traps. 

British  Steam  Specialties.! Ltd.,  Fleet  Street,  Leicester. 
Lancaster  &  Tonge,  Ltd.,  Pendleton,  Manchester. 

Steel  Tools. 

Saml.  Buckley,  St.  Paul's  Square,  Birmingham. 
Pratt  &  Whitney  Co.,  23-25,  Victoria  Street,  London,  S.W. 
Stenotypers. 
Stenotyper  (1902),  Ltd..  25,  Southampton  Row,  London,  W.C. 

Stokers. 

Ed.  tiennis  &  Co.,  Ltd.,  Bolton,  Lanes. 

Meldrum  Brothers,  Ltd.,  Atlantic  Works,  Manchester. 

Stone  Breakers- 

S.  Pegg  &  Son,  Alexander  Street,  Leicester. 

Superheaters. 

A.  Bolton  &  Co.,  40,  Deansgate,  Manchester. 

Time  Recorders. 

Howard   tsros.,  10,    St.    George's    Crescent,    Liverpool,    and   100c. 

Queen  Victoria  Street,  London,  E.C. 
International   Time    Recording    Co.,    171,   Queen    Victoria   Stieet, 

London,  E.C. 

Tubes. 

Thomas  Piggott  &  Co.,  Ltd.,  Spring  Hill,  Birmingham. 

Tubes,  Ltd.,  Birmingham. 

Weldless  Steel  Tube  Co.,  Ltd.,  Icknield  Port  Road,  Birmingham. 

Turbines. 

G.  Gilkes  &  Co.,  Ltd.,  Kendal. 
W.  Gunther  &  Sons.  Central  Works  Oldham. 
S.  Howes,  64,  Mark  Lam,  London,  E.C. 

Typewriters. 

F.lliott-Fisher  Co.,  85,  Gracechurch  Street,  London,  E.C. 
Empire  Typewriter  Co.,  77,  Queen  Victoria  Street,  London,  E.C. 
Oliver  Typewriter  Co.,  Ltd.,  75,  Queen  Victoria  Street,  London,  E.C. 
Yost  Typewriter  Co.,  50,  Holborn  Viaduct,  London,  E.C. 

Valves. 

Alley  &  MacLellan,  Ltd.,  Glasgow. 

Scotch  and  Irish  Oxygen  Co.,  Ltd.,  Rosehill  W01  ks, Glasgow. 

Ventilating  Appliances. 

Matthews  &  Yates,  Ltd.,  Swinton,  Manchester. 

Wagons— Steam. 

Thornycroft  Steam  Wagon  Co.,  Ltd.,  Homefield  Chiswick,  London,  W. 
Water  Softeners. 

Lanes,  ft  Mjort,  52,  Queen  Victoria  Street,  London,  E.C. 

Weighing  Apparatus. 

W.  T.  Avery  &  Co.,  S  iho  Foundry.  Birmingham,  England. 
Samuel  Denison  &  Son,  Hunslet  Moor,  near  Leeds. 

Wells  Light. 

A.  C.  Wells  &  Co  ,  iooa,  Midland  Road,  St.  Paricras,  London,  N.W. 
"  Woodite." 

"  Woodite"  Company,  Mitcham,  Surrey. 

IO 
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Typewriters 
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By  Koyal 
AppoL  tment. 


The 


5> 


TYPEWRITER. 

Does   Beautiful    Work. 


ILLUSTRATED    BOOKLET    POST    PPEE. 


THE  YOST  TYPEWRITER  CO.,   Ltd.,  50,    Holborn    Viaduct,    London,    E.C. 


Save  £9  and  a  lot   of 


EMPIRE 


TYPEWRITER. 


worry,  and  buy  an 

The   Machine   With   ALL   the    Writing   in   Sight. 


Price  i\ 

£13    2s.   6d. 

complete. 


NOT 

SURPASSED 

BY  ANY  MACHINE 

IRRESPECTIVE 

OE  PRICE. 


Contractors  to  H.M.   Government. 


T^f  Empire  Typewriter  Company,  Ll^. 

fJCaO  Office  :    77,   QUEEN  VICTORIA   STREET,   LONDON,   E.C. 


Branches  or  Agencies  : — 

BIRMINGHAM-43,  Temple  Street.         MANCHESTER-49,  Corporation  Street. 
BRISTOL-9,  John  Street.  LEEDS- 17,  East  Parade. 

HANLEY— Post  Office  Buildings.  BRADFORD— 35,  Charles  Street. 

LIVERPOOL -7,  South  John  Street.      GLASGOW- 87,  West  George  Street. 


NOTTINGHAM- 48,  Parliament  Street. 
LEICESTER— 34,  Charles  Street. 
DUBLIN-We  lington  Quay. 
And  throughout  the  World. 


Machine   Tools 


T 4 

The  Kalk  Machine  Works 

BREUER  SCHUMACHER 

&   Co.,  Ltd., 

KALK,  near  Cologne-on- 
Rhine 
(GERMANY). 

_^fc^ 

,,. jpl> 

Department  I. 
MACHINE  TOOLS. 

Department  II. 

_^  J* 

^ 

fltfik| 

AUXILIARY  MACHINERY 
FOR  STEEL  WORKS,  &c 

Departme7it  III. 

ROLLING  MILL  PLANTS. 

Departme7it  IV. 

♦ 

HYDRAULIC  MACHINERY. 

:^SWH»i 


Machine  Tools 


10  in.  by  5  ft.  Toolmakers  Engine  Lathe 


2  in.  by  26  in.  New  Model  Turret  Lathe 
.    n    by  4+  in.  FIVE  SIZES  2  in.  by  26  in 

1  in  by  10  in.  Hin.  by  18  in.         3  in.  by  36  in 


6io.by  132  m 


Thread  Milling  Machine,  6  in.  swing  80  in  bet   centres 
6inbyl4in.  FOOR  SIZES  6  in  by  80  in. 

6  in.  by  43  In 


TADQ  °ur  sPecia^  process 
"*■**•  taps  are  made  uniform, 
and  have  one-third  longer  life 
than  any  other  made 


14  in.  Lathe.     New  Model. 


SMALL  TOOL   DEPARTMENT. 

Taps.  Dies.  Reamers.  Ratchet  Drills.  Milling 
Cutters.  Punches.  Lathe  Tools.  Tapping  Heads, 
etc  .  etc.  always  in  stock. 


REAMERS. 


MILLING   CUTTERS. 


Our  eccentric  ground  reamers 
give  a  smooth   glass   surface 

and  will  not  chatter  because  the  cutting  edge 

is  supported. 


All    sizes,     kinds     and     shapes; 

standard  and  special.  £j'A*^^Sfe»»»< 


Send  for  New  Small  Tool  Catalogue. 


PRATT  &  WHITNEY  Co., 


AGENTS  : 

N  LES-BEMINT-PONO  Co.,  23-25,  Victoria  Street,  London,  S.W. 
BUCK  &  HICKMAN,  Ltd.,  2*4,  Whitechapel  Road,   London,  E.C. 
COPENHAGEN'.    DEXMVRK:    V.  Lowexer.    STOCKHOLM.  SWEDEN"  :    Aktiebolaget.  V.  Lowexer.     PARIS  :  Fexwick  Freres  &  Co.. 

21,  Rue  Martel,  Agents  for   France,   Belgium,  and  Switzerland. 


HARTFORD,  CONN.,  U.S.A 


Machine  Tools 


CHARLES  CHURCHILL  &  CO.,  L 


TD., 


} 


ENGINEERS,     AND     IMPORTERS     OF 


American  Machine  Tools. 


OUR 

OWN 

MAKE. 


OUR 

OWN 

MAKE 


The  "  Churchill  "    20  in.   Wet   Tool   Grinder. 

Send  for  our  new  "  Engineers'  "  Catalogue  ;  450  pages,  post  free  on  application. 

LONDON  :    9  to  15,  Leonard  St.,  E.C.     BIRMINGHAM:  2  to  10,  Albert  St. 

MANCHESTER:  2,  Charlotte  St.,  Mosley  St.    GLASGOW:  52,  Bothwell  St. 

NEWCASTLE-ON-TYNE  :   Albion  Buildings,  St.  James'  St. 
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fli&BimMEmf       Machine  Tools 


DON'T    FORGET 


Lathes,  Planers,  and  Shapers 


ARE    OUR    SPECIALITIES. 


High-Grade  Machines  Only        £_    RcCl  11^11    &    SOIIS. 

in  StocK  for 


Immediate  Delivery. 


National   Telephone 

Telegrams:  *•  Redmans.  Engineers  Halifax. 


HALIFAX. 


LANG'S  high-speed  LATHES 


Have    Patent    Bed,    Patent    Loose    Head,    Patent    Screw  =  Cutting    and    Feed    Motions,    also 
Enormous    Power   combined    with    Convenience   of   Manipulation. 


JOHN   LANG   &    SONS, 


Johnstone,    near     Glasgow. 


Miscellaneous 


Telegrams:    "MILLING.    SHEFFIELD."        for  t!)C  CatCSl  atlU  IllOSt  Up-tO-Oat« 
National  Telephone  No.  :  985. 


HEAVY  =  = 
MACHINE 
TOOLS  =  = 


WRITE 


PLATE    BENDING    MACHINE. 


Also  Special  Lifting  Jack  for  Electric 
Tramcars. 

GEORGE  ADDY  G  Co., 

WAVERLEY  WORKS,  SHEFFIELD. 


ACCURATELY 
MACHINE-CUT 


GEARING 


WILL  PAY 

YOU  IN 

THE  LONC 


CROFF    STREET, 

PENDLETON. 


Write  for  Price  List. 


MANCHESTER. 


MACHINE 
TOOLS, 

SPECIALAND 
GENERAL 


For  Engineers, 
Shipbuilders, 

Bailer  Makers, 
Cirder  NJakers,  and 

Bridge  Builders. 


EVERY  MACHINE  GUARANTEED  ACCURATELY 
MADE  AND   WELL   FINISHED. 


G.  F.  SMITH,  Ltd., 

SOUTH    PARADE, 

HALIFAX. 


Telegrams: 
Radial,  Halifax." 


4 
4 
4 
4 
4 
4 
4 
tr 


For  Gears,   Bevels,    Worm   Wheels,  Spirals, 
or  anything  in  the  gear  line,  write  to 

"BUFFOLINE"  NOISELESS  GEAR  Co., 

LEVENSHULME,  nr.  Manchester, 

WHO    ARE   THE    ENGLISH 

GEAR  SPECIALISTS. 


D4674 


> 
> 
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Luke  &  Spencer,  Ltd., 

BROADHEATH, 

MANCHESTER. 


Telegraphic  Address  : 

"Emery,  Altrincham." 

National  Telephone : 

"  Altrincham  49. " 


Manufacturers  of 

GRINDING  . 
and 


POLISHING 
MACHINES. 
EMERY.  .  . 
WHEELS.  . 
Etc 


Send  for  our 
Enlarged 
Catalogue. 
free   on 
Application. 


Telephone  So.  -.  1469. 

Telegrams  \  "Tldok.   Birmingham. 


Modern   .  .  . 
Machine  Tools. 


CAPSTAN   AND    TURRET    LATHES. 
DRILLING    MACHINES. 
MILLING    MACHINES. 
BORING    MACHINES. 


H.W.WARD  &  Co. 

ONLY  ADDRESS- 

86,    Lionel    Street, 

BIRMINGHAM. 

Contractors  to  British  and  Foreign  Governments 
and  Principal  Engineering  Firms. 


Machine  Tools 


CUNLIFFE  &  GROOM. 


LIMITED, 


Broughton  Lane, 
MANCHESTER. 


ESTABLISHED   1864. 

Telegrams  :    "  LATHE,    MANCHESTER." 


PATENT  PLANINC  MACHINE. 


DISC  CRINDER. 


Cunliffe  &  Croom,  Ltd.,  MANCHESTER. 


I  III'     J\ 


IRmMmi 
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Machine  Tools 


High-Speed  Grinding 

High-Speed    Steel   is  right  for  roughing,    but    are  you  still   finishing   your   work    in 
the  lathe  ?     If  so,   we  can  save  you  money. 


No.  18. — "Landis"   Plain   Grinder,"  20  in.   swing,   96  in.  between   centres. 
Size  of  Emery  Wheel,  24  in.   by  2  in. 

All  round  work,  whether  hardened  or  not,  from  small  Taps  and  Twist  Drills  to 
large  Connecting  Rods  and  Crank  Shafts  ground  in  much  less  time  than  can 
be  finished  by  any  other  method. 


Built  in  various  sizes  from  5  in.  to  30  in.  swing. 

Great  rigidity.  Large  Emery  Wheel.  Machines  are  automatic  throughout. 
Work  is  run  between  dead  centres,  which  are  fixed  and  are  not  traversed  back 
and  forth  ;   thus  ensuring  perfectly  accurate  work  and  large  output. 

Shall  be  glad  to  send  you  full  particulars,  and  can  arrange  to  show 
Machines  in  operation. 

C.  W.  BURTON  GRIFFITHS  &  CO., 

I,  2,  &  3,  Ludgate  Square,  London,  E.G., 

And    at    59,    Finnieston   Street,  GLASGOW. 
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SEND    FOR    CATALOGUES 


HIGH-CLASS    NEW    MACHINE    TOOLS 

IN    STOCK    FOR    IMMEDIATE    DELIVERY. 


■mwmmm^wm^wmamvm^mmnmm 


1" 


FXI  T|        IAW     hichly  finished 

tf\  -GUARDS-  78  td  6  inches  m  £VS/ry  (© 
K  —  -,-lt  .supplied  TBI  -GUARD  A 
SPLENDID  ^^—^&  U"JX"©^ 


f  M.  GLOVER 

1  -PATENTEES    • 

1  SOLE       I-mK;  =  5 


FIREWOOD 
MACHINERY 

Does  the  work  of  from 
12  to  80  Men. 

The  saving  in  wages 
alone  means 

A   Large    -     • 
Annual  Income. 

A   SPLENDID  ADJUNCT  OR 
SEPARATE    BUSIN 

OCR    IMPROVED  PATEN  I' 

Saw  Sharpening 
Machines  AM5 

Univai-S'lly    Aopreclatod. 


STEAM     HAMMERS 

FOR   SMITHS'   SHOPS   AND    FORGES. 


Patent  Bevelling  Machines  [or  Ships'  Frames. 


DAVIS    <S    PRIMROSE, 


Xcitb  Sronworfes,  EDINBURGH, 


TTF- 


Machine  Tools 


BERTRAMS    LIMITED 


London  Office: 

21,  Gt.  St.  HELEN'S,  E.C. 


ST.    (CATHERINE'S   WORKS, 

SCIENNES,  EDINBURGH. 


IMPROVED  CORRUGATING  MACHINE. 


Manufacturers  of  all  kinds  of 

MACHINE    TOOLS 

FOR    ENGINEERS,   SHIP    BUILDERS, 

BOILER   MAKERS,  &c.   &c. 


FORGING 

MACHINES. 

SAWING    MACHINES. 
COKE    BREAKERS. 


WILLIAM  RYDER,  Ltd 


BOLTON. 


THE   BOLTON   BLACKSMITH.' 


Automatic 
Notching 
Press 


3/M°fu-eMLLEri  & 

ConsirruRon.      LiP.        rm^'WWi 

^ 

JjIRMIflGHflM  M 

Fkesses  Dies  /,  L 

&TAMP<5o<:     11*= 

m 

,<■ 

HTtf^l 

-cg~^&itt 

i 

Sheet  Mtr/VL^ 

HOLUOWARt,    m}\ 
Coins,  C5_  *fc^ 

*>* 

Drawing  Press. 
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BimmsM 


Machine  Tools 


BRETT'S  PATENT 
LIFTER  C°  Ltd., 

Coventry,  England. 

a     0     c3 

Patentees  and  Manufacturers  of 

BRETT'S 
PATENT 
LIFTERS, 

ETC. 


20-cwt.  Battery  for  Jabalpur. 

Manufacturers  of   Drop   Forging   Plant  as  supplied  to  H.M.  Dockyards, 
Arsenals,    Small    Arms    Factories,    India    Government,    Chief    Railways, 

etc.,  etc. 


Pioneers  of  the  Modern 
System  of  Drop  Forging. 


Telegraphic  Address: 

"LIFTER.  COVENTRY." 
Telephone  \o.  :   384. 


»**»*», 


* 


WE  MAKE 
HIGH-SPEED 
LATHES 

A.  Speciality. 

"ACCURATE." 

"DURABLE." 

"POWERFUL." 

8iin.,  10 in.,  and  12  in. 
Centres. 

REASONABLE  IN  PRICE. 
UNEQUALLED  IN  POWER. 

Sent*  us  sour 
inquiries. 


NOBLE  <S  LUND,  Limited, 

FELLING-ON-TYNE. 


m  ¥  ¥  ¥  ¥  ¥  ¥  ¥  ¥  ¥  ¥  ¥  ¥  ¥  ¥  • 


> 

f  •  ¥  *  "*  ¥  ¥  »  «  ¥  ♦  ¥  ¥  ¥  ¥ '»  ¥  ¥  ¥  ¥  « 


Machine  Tools 


RICE  6  CO.  (Leeds),  Ltd., 


LEED5, 

ENGLAND. 

HYDRAULIC 


Riveters, 

Presses, 

Cranes, 

Punches, 

Shears, 


I  Hoists, 


Lifts, 
Pumps, 

Accumulators, 
Intensifiers, 
Valves, 
&c,  &c. 


PORTABLE  RIVETING   PLANT. 


ABC  Code,  4th  Edition,  used. 

Telegraphic  Address;   "Press,    Leeds." 

Telephone  No. :  2362. 


Northern  Engineering 
Co.  (1900),  Ltd. 

KING     CROSS,    near 

HALIFAX. 


PLANING 
MACHINE, 
from  2  feet 
up  to  8  feet 
square. 
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Machine  Tools 


JOHN  STIRK  «S   SONS, 

MACHINE   TOOL   MAKERS, 

(Established  1866.)  HALIFAX. 


Locomotive  Frame-plate  Slotting  Machine   85  tons). 


Ho.    3    UNIVERSAL 


lit,  of  Teeth  88 

Outside  dia.  8|  ins. 
Pitch  approx.  s  „ 

Width  of  Face  lh  „ 

Feed  per  min.  4*  „ 

Time  for  1  pair  of 
Gears,  2\  hrs. 


°*    CAST    IRON    SPl**U 


J.  PARKINSON  &  SON, 

SHIPLEY,  YorKs, 
England. 


including  setting 
machine,  changing 
blanks,  and  sharpening 
cutters,  75  hrs. 
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f  Hydraulic  Machine  Tools 


The  West  Hydraulic  Engineering  Co., 

Head  Offices :  23,  COLLEGE  HILL,  LOHDON,  E.C. 


Manufacturers  of  Special   High  Grade   Hydraulic 

Plant  for  Arsenals,  Explosive  and  Ordnance 

Factories,  Railways  &  Engineering  Shops. 


MtST  BflYHBABUE 

ENGINEERING  C? 

23  COLLEGE  HILL     A 
LONDON  .E.C.  ■ 


Contractors  to  the 
Governments  of 

Great  Britain, 

India, 

Germany, 

France, 

Russia, 

Italy, 

Spain, 

Belgium, 

Switzerland, 

Japan, 

Chili. 

Crown  Agents  for  the 
Colonies, 

6c,  6c. 


Type    M    Spring    Testing    Machine,    arranged    for  testing   laminated    and 

volute    springs.      To    work    from    hydraulic     pressure     mains    or     from 

special   test   pump. 


2J 


Machine  Tools 


The  Asquith  Small  Radial, 

The  MOST  ADVANCED  on  the  Market.        3  ft.  6  in.  RADIUS. 

For  Accurate  and  Rapid     .     . 

DRILLING,    BORING,   TAPPING,    and   STUDDING 
this  Machine  is  UNAPPROACHABLE. 

Speed    Gear     BOX     gives  TWELVE   CHANGES    of   Accurately 
Graded  Cutting  Speed,    obtained  in  under  THIRTY  SECONDS. 

Feed  Gear  Box 

Gives  SIX  CHANGES  of  Accurately 
Graded  POSITIVE  FEED  MOTION, 
any  of  which  can  be  obtained 
INSTANTLY. 

No  Cones. 

Effecting  a  GREAT  SAVING  over  ordinary 
type  of  Machine,  by  enabling  speed  and  feed 
changes  to  be  obtained  without  any  waste  of 
time  ;  by  obviating  excessive  wear  and  tear 
of  belting,  and  delays  and  stoppages  con- 
sequent on  belt  repairs  ;  by  eliminating  belt 
slip  and  loss  of  power,  etc.  No  countershaft. 
Costs  less  to  fix,  less  in  power,  and  less  in 
maintenance.    No  screwkeys  required. 


INVESTIGATION    INVITED. 

It  will  pay  you  to  learn  all  about  our  Radials 
before  ordering  elsewhere. 


INQUIRIES      ESTEEMED. 


Five  First  Prize  Medals. 


Machines  from  3  ft.  6  in.  to  7  ft.  Radius.      Suitable  for  using  the  New  High=Speed  Drills. 


WILLIAM  ASQUITH,  Ltd.,  SKKSb, 


ESTABLISHED 

1865. 


Contractors  to  H.M.  War  Department,  the 
Lords  of  the  Admiralty,  Imperial  Japanese 
Navy,  and  other  Foreign  Governments. 


HALIFAX,  England. 


Sole  Agents   for  SCOTLAND  :  Sole   Agents   for   BELGIUM  : 

P.  &  W.  McLELLAN,  Ltd.,  129,  Trongate,  Glasgow.      LACY-HULBERT  &  CO.,  Ltd.,  4,  Rue  Joseph-Claes, 

Sole  Agents  for  FRANCE  and  SWITZERLAND  :  Bruxelles. 

H.  GLAENZER  &  PERREALD,   1,  Avenue  de  la  Republique,  Paris. 


— — ""— ^^         \l!/  HI 
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Miscellaneous 


BRITANNIA  LATHES 

AND 

MODERN    MACHINE    TOOLS 

Have  stood  the  test  of  40  years. 


Contractors  to  the 
ADMIRALTY. 
3||yf  WAR   OFFICE, 

INDIA  OFFICE, 

6c,  6c. 


No.    12  PILLAR   DRILL 

(as  made  for  Indian  States  Railways). 


THE  BRITANNIA  ENGINEERING  CO.,  Ltd., 

Head  Office  and  Works  : 

COLCHESTER,    ENGLAND. 


BRI     ISH     •     LABOUR 


DELIVERED  A  FROM       STOCK 


Itelecrams 

lEBONESTOSi 


Original 


.TELEPHONE 
N° 1422 

.HOLBORN 


Manufacturers 


BWeaVer&Cq 


■  22RosomanST/ 


CLERKENWELL, 

\  LONDON./ 


%  PRICE 
&  PARTICULARS  WON  APPLICATION. 


BRITISH-CAPITAL 


Stone   Breakers 


(Improved   Blake   Type.) 


.      :    j 


Rollers, 
Screens, 
Gravel  Washers, 
Concrete  Mixers. 


Section  oj  Machine 


SAMUEL  PEGG  <S  SON, 

Na,ionallTe>cpho„eio<.  Alexander   Street,   LEICESTER,    ENGLAND. 
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IKE)!      Mining  Machinery 


COMPLETE 


MINING  EQUIPMENTS 

Designed  and  Contracted  for. 


200     STAMP    GOLD     MILL. 


FR ASER  &  CHALMERS,  Lffi 

Mining  and  Engineering  Machinery, 
head  office :    3j    LONDON    WALL    BUILDINGS,    LONDON,    E.C. 

Works      ER1TH,    KENT,    ENGLAND. 
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Packings,  Springs,  &c 


We  are  Specialists- Our  study  and  aim  in  life  has  been,  and  is, 
the  reduction  cf  friction,  and  saving  of  power  on  reciprocating 
rods. 

The  out-of-date  system  cf  just  filling  in  a  space  around  a  pistcn- 
rod  -with  some  ma-.eriai— any  material,  is  departed  from  with 
our  automatic  Daniels'   P.P.P. 

We  do  net  hammer  stuffing  into  a  box.  We  scientifically  pack 
a  gland  and  rod  in  such  a  manner  that  the  friction  set  up  is 
Just  sufficient  to  prevent  leakage. 

This  means  economy  of  fuel,  saving  cf  time,  and  lessened  wear 
and  tear. 

This  interests  you  hecs.use  it  affects  your  working  expenses- 
We  offer  the  perfect  results  cf  years  of  study  and  labour. 


Ronald  Trist  &  Co., 

General  Mttiascrt 


PAT.  AUG.  7.  1 894-. 


QUAKER  CITY  RUBBER  Co., 

Coronation  House,  Lloyds     Avenue, 
LONDON,   E.C. 

(Late  101,  Leadenhnll  Street.) 
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If      Aerial  Ropeways 

l$> « . a. 


B 


WIRE    ROPES 


u 


WIRE    ROPES 


L 


WIRE    ROPES 


L 


WIRE    ROPES 


I 


WIRE    ROPES 


V 


WIRE    ROPES 


A 


WIRE    ROPES 


N 


WIRE    ROPES 


T 


WIRE    ROPES 


s 


STEEL  WIRE  ROPES 

AND  APPLIANCES. 

FLEXIBLE   STEEL  WIRE  ROPES 

FOR 

Cranes,  Lifts,  Hoists,  Etc. 

ABSOLUTELY    RELIABLE. 

ONLY    ONE    UNIFORM    QUALITY. 

Blocks,  Pulleys, 
Crab  Winches,  Tackle,  Etc. 

MINING  &  HAULING 
PLANT. 


Illustrated  Pamphlets 
may   be    obtained 
on  Application 


pOPEWAY    AT    WYHM-ON-TYNE. 


Ropeways  Constructed  to  Convey  from  50  to  2,000  Tons  per  day  to  Transport 

all  Descriptions  of  Materials. 

Regd.  Offices:  BULLIYHNT      &      GO.,       Ltd.,  WorKs: 

72,   MARK  LANE.  LONDON,    ENGLAND.  MILLWALL,  E. 
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Aerial  Ropeways 


ADOLF  BLEICHERT  &  Ca'BP' 


OLDEST  AND   LARGEST 
Vs)<g?   FACTORY  FOR 
THE  CONSTRUCTIO 


More  than  1,600 
Plants  were  con- 
structed by  us, 
some  of  a  length 
of  34  kilometres. 

30  Years' 
Experience. 


Gold  Medals. 
Highest  Awards 


GERMANY 


1  Best  and  .  .  . 
cheapest  medium 
of  transportation 

!  for  all  kinds  of 
material  for  any 
distance  and  .  . 
within    factories. 


All  topographical 
difficulties  over- 
come by  our  . 
Patent  Jaw-Grip 
Coupling  .  . 
Apparatus.     .     . 

"Automat." 

We  have  built 
plants  with  .  . 
gradients  of  1 : 1, 
and  spans  of  over 
1,000  metres. 

First-class  .  . 
references  from 
first-rate  houses. 


Wire=Ropeway  executed  for  Sucreries  Centrales  de  Wanze  Soc.  Anomyme.Wanre  (Belg. 


Special   Department  for  the  Construction  of 


Hoisting  &  Conveying  Machines,  Cranes 
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Wells'  Specialities 


****** 


'<>#«#«*<!#     *      _*      *     *    J#    ;*    i#       •        *        •        ♦ 


WLLLo  -waste  on  p  I  Lit  Kb 

SUPPLIED  TO  THE  PRINCIPAL  COVERHMEHTS  FOR 
THE  WAVY,  DOCKYARDS,  Ac,  A  WD  TO  THE  LEADINC 
ELECTRIC  L1CHT  INSTALLATIONS,  ENCIHEERINC 
WORKS.  CAS    EWCINE  MAKERS,  PRINTERS,  &c,  &c. 

OYER  fO,  OOP  SOLD. 

MONEY  SAVERS   to  any 
USERS  OF  MACHINERY. 

Pay  first  cost  in  a  short  time,  as  Dirtied  Oil, 
which  has  hitherto  been  thrown  away,  can 
be  filtered  and  used  again  and  again. 

Write  for  List  of  Testimonials  and  Samples 
of  Work  done  by  the  Filter. 


0 
0 
0 


o 
0 
0 
0 
0 
0 


WELL5  PATENT  WASTE    OIL"  FILTER 


No.  i. — For  users  having  only  a   small 

quantity  of  oil  to  treat  (no  syphon ) 

17  in.  by  9  in.         

-Two    top    chambers    hold  about 

3  gallons  oil,  22  in.  by  10  in. 
Xo.  3. — Two    top  chambers  hold   about 

6  gallon?  oil.  27  in.  by  12  in. 
Xo.  4. — Two    top   chambers    hold    about 

12  gallons  oil,  36  in.  by  16  in. 
Xo.  5. — Two   top    chambers    hold  about 

24  gallons  oil.  43  in.  by  23  in.     ...  189  - 
Xo.  6. — Very  powerful  Filter  for  treating 

large  quantities  of  oil,  54  in.  by 

30  in '.336- 

Capable  of  dealing  with  250  Galls.  Oil  per  week 
LARGER  SIZES  MADE  TO  ORDER. 


35- 
50- 
70/- 

110- 


OIL  CISTERNS  AND  CABINETS. 


In  connection  with  our  well-known  '  Waste 
Oil"  Filter, we  are  supplying  Tinned  Steel 
Cisterns  as  illustrated,  handsomely  japanned 
in  vermilion,  with  black  bands,  and  fitted  with 
best  brass  fittings,  and  having  a  capacity  gauge 
inside. 


PRICES. 


IX.        IX. 

3  Gallon  size,     Sk  by  15^ 

„        „        10  by  15J 

.,        .,        10  by  22 

12  by  20 

12  by  25 

isf  bv  18 

„      15J  by  26 


EACH 

.  10/9 
.  11  6 
.  14  8 
.  169 

.  18  • 
20  6 
23  - 


50  Gallons. 


Special  Quotations  for 
Larger  Sizes. 


A.   C.   WELLS    &  Co., 
Midland    Road,    St.    Pancras, 

LONDON.  N.W. 


100a, 

Works  :  Cheetham,  Manchester. 


The  CABINET  is  made  of  tinned 
steel  with  galvanised  iron  bottom, 
enamelled  bright  red.  it  is  at- 
tractive in  appearance,  and  is  un- 
affected by  weather  or  the  oil. 

The  PUMP  is  a  force  pump,  made 
of  polished  brass,  simple  in  its  con- 
struction, it  is  screwed  into 
Its  place,  and  can  be  easilv  taken 
out  for  filling  the  Cabinet  from  a 
Barrel. 


CAPACITY. 


: 

0 

♦" 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 

8 

0 
0 
0 

0 


0 
0 
0 

0 


OPEX. 


0 

0 


Telegrams  :  "  FILATURE. 
Telephones:  202,  228. 


Tfef  St.  Helens  Cable  Co, 


LIMITED. 


WARRINGTON. 


Our  Speciality,   DIALITE. 
A  really  waterproof  cable. 
Light    and   flexible. 
No   danger   of  corrosion. 

We    are    also    Manufacturers    of 

Vulcanized    Rubber,    paper,    lead    covered, 
and  dry   core  cables. 

Flexible    and    cotton    covered    conductors, 
and  all  kinds  of  mechanical  rubber  goods, 

Tapes,  &c. 


London  Office :    32,  VICTORIA  STREET, 

Westminster. 


Telegrams:   "  FILATTERIO." 
Telephone:   4270  GERRARD. 


l<&MMlt   Electrical  Apparatus  | 
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^KPtON  &  (PMP/U; 


y 


ELECTRICAL     ENGINEERS, 


&> 


O^ 


TELEGRAMS  • 

CROMPTON,    CHELMSFORD." 


TELEPHONE  : 
CHELMSFORD   No.   2. 


ONE    OF    THIRTY    ELECTRIC    LOCOMOTIVES 

SUPPLIED    BY    CROMPTON    &    COMPANY,    LIMITED, 

TO   THE   CITY   &   SOUTH    LONDON    RAILWAY. 

MANUFACTURERS    OF 

TRACTION    GENERATORS    AND    MOTORS 

FOR   RAILWAY   AND  TRAMWAY   SERVICES. 


LONDON    OFFICE: 

SALISBURY    HOUSE,    LONDON    WALL,    E.C. 


(88) 
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Electrical  Apparatus 


*i 


GREENWOOD  &  BATLEY,  Ltd.,  ^TedS. 


MAKERS    OF    EVERY    DESCRIPTION    OF 

Representative  in  South  Africa  : — 
W.  G.  TEBBUTT, 

for  War  Material  and  a  Creat  Variety  of  Purposes.  p.o.  Box  1471  caPe  Town. 


ENGINEERS'  GENERAL  TOOLS  and  of  SPECIAL  TOOLS 


0       0 

De  Laval  Patent 
Steam  Turbine 
Dynamos, 
Turbine  Motors, 
Pumps  and  Fans. 

0      0 


0      0 

Dynamos  and 

Motors, 

Complete 

Electrical 

Installations. 

0      0 


No.   6352.     200  B.H.P.  Electric  Motor,  420  volts,  400  revolutions. 


Turner,  Athertoh  &  Co.,  Ltd.,  „A™T°£EK. 


London   Offices  :  — 1 10,  Cannon  Street,  E.C. 


Economical 
Efficient  . 
Reliable . 

Electric  . 
Motors  and 
Elevators  , 


Patent^. 
Starting  . 

Switch , 

and  ,  . 
Automatic 
Controller. 


Specialite:— 

Electric  Elevators  for  Goods  and  Passenger  Service. 
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-J, 


££ 


j> 


P.D.M. 


COOL    RUNNING, 
EXCELLENT  CONSTRUCTION, 
LOW,  FIRST  COST, 
HIGHEST   EFFICIENCY. 


MOTORS    FOR    ALL    PURPOSES 

IN   ALL  SIZES  FROM    1   TO  500  B-H.P. 


PHOENIX  DYNAMO 
MANUFACTURING 

CO.,  LTD.,  BRADFORD. 


Agents  : — 
London.  E.C.:  F.  S.  Dudgeon.  30.  Gt.  St.  Helen's. 
Birmingham  :  Sandford  8"  Dix,  44.  Waterloo  Street. 
Glasgow:    Christie    8*    Co..    82.   Gordon  Street. 


120    B.H.P.    SEMI-ENCLOSED.     500    REVS. 


o  —    .^   m  _      m 


High-Grade 
Steam   and 

Power 

Pumping 

Machinery. 

All  sizes  for  any  dutv. 

Send  for  Illustrated 
Catalogue  No.  48c. 


Fairbanks,    Morse    &    Company, 

Manufacturers, 


Franklin  &  Monroe  Streets, 
Chicago,  111.,  U.S.A. 


133,  Liberty  Street, 
New  Ycrk,  U.S.A. 


126,  Southwark  Street,  S.E., 
London,  Eng. 


C2 


'jjffi&mmM 
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?US 


Electrical  Apparatus 


Allgemeine  Elektricitats-Gesellschaft,  Berlin 

Capital  fully  paid  up:  60000  000  Marks 

Machine  Works  °  Electrical  Apparatus-Works  <•  Cable  Works 
Incandescent-Lamp-Works 


Berliner  Elektricitats-I 

Werke. 
Largest  Station  of 

World. 


/     f    * 

rrii 


^w 


it 


mr*": 

.Si 

i 

i  1  ' 

Hk 

1 

sss? 

l\    Wl 

« 

Continuous  Current.  Threephase  Current. 

Electric  Lighting  Plants.  ♦  Electric  Transmission  of  Power. 

Electric  Railways  and  Tramways.  •  Electric  Central-Stations. 

Electrochemical  Plants. 

Agencies  throughout  the  World. 


Yearly  Output  12000  Dynamos  and  Motors  equivalent  to  170000000  Wat* 
10000000  Incandescent  Lamps.  xi.  s. 
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J.   HALDEN   <S   Co., 


8,  ALBERT  SQUARE, 

MANCHESTER. 


Arc  Lamp  Duplex  Radial 

Photo  Copying  Frame 

(SHAW   and    HALDEX   PATENT). 

Engineer's  Electric  Frame,  very  superior,  Arc 
Lamp  and  Lowering  Gear.  Printing  from 
Two  Tracings  53    x  31 ",  at  one  operation. .       £42  10    o 


Other  sizes  as  per  List  post  free  on  request. 


ADVANTAGES   OF   DUPLEX   RADIAL  PHOTO-COPYING  FRAME. 

A. — Copying  indoors  at  any  time  where  Electric  Current  is  available. 
B. — The  Frame  when  once  mounted  on  the  Pedestal  remains  there. 
C. — Immunity  from  accident  ensured   by  the   Frame  remaining  on 

the  Pedestal. 
D. — The  horizontal  position  (when  placing  in  or  talcing  out  Tracings 

and  Copies)  is  the  most  convenient  for  Operators. 
E. — Two  full-size  Tracings  can  be  copied  at  one  operation. 
F. — The  glass  plates   can    be    very  easily   cleaned    when    Frame  is 

horizontal. 


Copies  Two  Tracings  at  One  Operation. 


Also    at    London,    Newcastle-on-Tyne,     Birmingham,    and    Glasgow. 

SOLE  AGENTS  in  South  Africa :  EIDELBERG  BROS.  &  CO.,  Pretorius  St.,  Pretoria. 
P.O.  Box  232.  Telegrams  :  "IBIS." 


"  WOODITE  "  WORKS,  MITCHAM  COMMON,  SURREY. 

NOTICE  TO  ENGINEERS,  ELECTRICIANS,  STEAM  USERS,  and  OTHERS.— "WOODITE"  articles  can  now  be  obtained 
with  the  utmost  despatch.  "WOODITE"  has  stood  the  severest  test  for  six  vears.  Xo  material  in  existence  can  equal  it  for  Steam  or 
Electrical  Purposes,  and  other  appliances  :  has  stood  everv  test  up  to  40,000  volts  for  1/8  in.  sheet,  without  breaking  down,  by  the  London 
Electric  Light  Corporation  and  others.  Ram  "Tj"  Hat  "joint  and  Packing  Rings,  Pump  Cups.  Gaskets,  Manholes,  Valves,  Sheeting.  Patent 
"WOODITE"  G.  G.  Rings,  ard  all  Mechanical  and  other  Goods  which  have  hitherto  been  manufactured  in  India  Rubber,  Leather,  etc., 
can  now  be  made  of  "  WOODITE." 


Greater 
volumetric   capacity 
and  higher  mechanical 
efficiency  than  any  other 
Fan  designed  for  similar  work. 


DAVIDSON  <£  CO.,  Lffl 


"SIROCCO" 
ENGINEERING 
WORKS, 


13,  Victoria  Street,  Westminster,  37,  Corporation  Street, 

LONDON.  MANCHESTER. 


Belfast. 

115,  Hope  Street, 
GLASGOW. 


Sole   Representatives  for  the  Continent  of  Europe  :— 

WHITE,  CHILD,   &  BENEY,    Ltd.,  62   and  63,  Queen   Street,   LONDON,    E.C. 

3* 


Kte™ 


Business  Systems 


666  DEAD 


to  even-  thousand  is  the  proportion 
of  Inactive  Accounts  in  the  average 
Book  Ledger. 


The  cost  of  the  time  spent  in 
handling  these  moribund  accounts 
is  not  appreciated,  because  you 
have  not  investigated  the  time- 
saving  gualities  of  the  Rockwell- 
Wabash    Perpetual    Card    Ledger. 


It  i 


it  is  possible  for  you  to  reduce  this 
expense  from  25  to  50  per  cent. 
We  will  tell  you  how. 


ROCKWELL  WABASH  CO.,   Ltd., 


Offices 

and 

Showrooms : 


/      LONDON : 

69,  Milton  Street,  E.C. 

MANCHESTER: 

Deansgate  Arcade. 

GLASGOW  : 

164,  Buchanan  Street. 


Mk@™ 


NALDER  BROS.  &  THOMPSON, 

Managing  Director:   F.  H.  N ALDER.      LTD. 

Ammeters,  Voltmeteirs,    . 
Recorders,  Circuit  Breakers, 


Switchboards. 


Telegrams  ; 


Telephone 
Nos.  : 


OCCLUDE, 
LONDON.' 


124  ff  6124 

BANK. 


Moving  Coil  Instruments,  from  £3  8s. 

34,  QUEEN  STREET,  LONDON,  E.C. 

Agents  : 

Berry,  Skinner  &  Co.,  65,  King  Street,  Manchester  ;  Wm.  McGeoch  and 
Co.,  Ltd.,  Morrison's  Court,  108,  Aigyle  Street,  Glasgow  ;  Vandam,  Marsh 
and  Co.,  Ltd.,  11,  Upper  Priory,  Birmingham  ;  Robert  Bowran  &  Co., 
3, St.  Nicholas  Buildings,  Newcastle-on-Tyne  :  Ernest  Koberts,6,  Holborn 
Place,  London,  W.C.  ;  Lucien  Espir,  ubis,  Rue  de  Maubeuge,  Paris; 
Oswald  Haes,  56,  Margaret  Street,  Sydney,  N.S.W. ;  Balmer  Lawrie 
and  Co.,  Calcutta ;  Studioe  Elettrotecnico  Industriale,  Lugane  and 
Milan  (for  Switzerland  and  Italy). 


Miscellaneous 


JUST   PUBLISHED. 

MODERN 
ELECTRIC  PRACTICE 

Editor:  MAGNUS  MACLEAN,  M.A.,  D.Sc, 

Professor  of  Electrical  Engineering  ; 

Assisted  by  Thirty-four  Experts,  all  of  whom  are 

actively  connected  with  the  Electrical  Profession. 

Covering  the  Whole  Range  of  Electrical  Work. 

mODERN  ELECTRIC  PRACTICE  is  a  new  and  thoroughly  up-to-date 
work  which  will  be  found  to  meet  a  want  long  felt  by  all  those  who 
are  interested  in  engineering  in  any  of  its  branches.  It  is  a  practical  work 
written  by  practical  men  for  practical  men.  The  contributors  are  all 
expeits  professionally  engaged  in  electrical  work  as  practical  or  consulting 
engineers,  as  manufacturers,  or  as  Professors  in  the  universities  and 
technical  colleges,  and  are  all  recognised  authorities  on  the  particular 
subjects  with  which  thty  deal.  No  fewer  than  34  specialists  have  thus 
contributed  to  produce  a  work  which,  under  the  skilled  editorship  of 
Professor  Magnus  Maclean,  D.Sc,  may  fairly  claim  to  be  a  complete 
repository  of  Electrical  Engineering.  The  work  will  be  complete  in  six 
super-royal  8vo  volumes  bound  in  cloth.  Price  9s.  net  each  volume.  The 
first  two  volumes  are  tow  ready,  with  which  is  given  a  cardboard  model  of 
an  Electric  Motor,  showing  the  build  and  workings  of  a  motor. 

PROSPECTUS    FREE. 

THE  GRESHAM   PUBLISHING  COMPANY, 

34,  Southampton  Street,  Strand,  London,  W.C. 


LOBN1TZ'  OOLD  DREDGERS  ARE 

AT  WORK  IN  BRITISH  NORTH 

AND  SOUTH  AMERICA,  AFRICA, 

ASIA,  &c. 


GOLD     U,JS---- -*" 


Telegraphic  Address: 
LOBNITZ,  REINFREW.     Ai  Code  used. 


SIMPLEX 

STEEL 

CONDUIT 

Co.,  Ltd., 


SIMPLEX 

FOR  INTERIOR 


TRADE  MARK 


CONDUITS 

ELECTRIC  WIRING. 


SIMPLEX 

Send      for     New 

Abridged  List 
with  IKK.  Rules. 


of 


80,  DIGBETH,  BIRMINGHAM, 
20,  BUCKLERSBURY,  LONDON, 


The  SIMPLEX 
STEEL  CONDUIT 
SYSTEM  is  the 
most  complete  sys- 
tem made.  It  con- 
sists of  10  grades 
of  conduits,  and 
nearly  1,000  stan- 
dardized tittii 

Awarded  Sold 
Medal,  Interna- 
tional Fire  Exhibi- 
tion, London,1903. 


E.C. 


And  at  MANCHESTER,  „.        . - 

General  Manager  s  Otticc:  — 
LIVERPOOL,  &  GLASGOW.  \\  ixiinguouse  Bldc..  Strand,  W.C. 
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HENRY    BERRY    &    CO.,   Ltd., 
Croydon   Works,    LEEDS. 

Specialities     HYDRAULIC    MACHINERY   &    ELECTRIC    CRANES. 


60  Tons  Three-Motor  Electric  Crane. 


PRICES,     PARTICULARS,     AND    LISTS    ON    APPLICATION. 

4i 


^nssaKElf 


Ventilation,  &c. 


I  ill—  m  I 


TD. 


MATTHEWS  &  YATES,  LL 

Swinton,   MANCHESTER. 


The  Cyclone 

Steam   Fan 

IS    EXTENSIVELY   USED    FOR 

Ship  Ventilation 

AND    SITUATIONS    WHERE    OTHER 
MOTIVE  POWERS  ARE   NOT  AVAILABLE. 

LONDON :  84,  Cray's  Inn  Road,  W.C. 
GLASGOW :  144,  St.  Vincent  Street. 
LEEDS:  Standard  Buildings,  City  Square. 


For 
RA151HG 

.Sewage, 
Sludge, 
Water  &< 


oftprwwcEicii«s 


fyyedfortfiidrain^eof  CASTB9URME, 

Bombay,  Rangoon,Soutiiampton,  / 

(AP&ToWri  and  many  ottTer  Townj.       . 

Compressed  All?  11TO1 

for  raising  water  from  WELLS,  BoREH°LE5Cc 


LSifmates  c  Particulars  °n  applicdTioh. 


ilMlB 


47»  Victoria  Street,  . 

—  London,  5.w. 


42 


Index  to  Advertisers 


— (Contd.) 


Findlay,  Alex.  &  Co..  Ltd 

Firth,  William,  Ltd 

Fleming,  Birkby  &  Goodall,  Ltd. 
Fowler,  John,  &  Co.  (Leeds),  Ltd. 

Fraser  &  Chalmers,  Ltd 

Frictionless  Engine  Packing  Co.,  Ltd. 

Gilkes,  G.,  &  Co..  Ltd 

Glover,  M.,  &  Co.  

Graham,  Morton  &  Co.,  Ltd 

Green,  E.,  &  Son,  Ltd 

Greenwood  &  Batley,  Ltd. 
Gresham  Publishing  Co. 
Griffin.  Charles  &  Co.,  Ltd- 

Hadheld's  Steel  Foundry  Co.,  Ltd. 

Halden,  J.,  &  Co 

Hall.  B.J 

Hall,  J.  P.,  &  Sons,  Ltd 

Hardistv,  John       

Hardy  Patent  Pick  Co.,  Ltd.      ... 
Hathorn,  Davev  &  Co., Ltd. 
Head.  Wrightson  &  Co.,  Ltd.    ... 

Horsfall  Destructor  Co 

Howard  Bros 

Howes,  S 

Hudswell,  Clarke  &  Co.,  Ltd.   ... 

Hughes  &  Lancaster        

Hughes.  G.  H 

Humbolt  Engineering  Works  Co. 

Hunslet  Engine  Co.         

Hunt  &  Mitton       


PAGE 

69 

9 

100 

50 

27 

82 

86 

19 

54 

Inside  Back  Cover 

34 

40 

9 

49 

37 

83 

53 

84 

1 

7 

76 

67 

99 

5" 

48 

42 

6 


53 

62 


India  Rubber,  Gutta  Percha,  and  Telegraph  Works 

Co.,  Ltd Outside  Back  Cover 


International  Time  Recording  Co. 

Jardine,  John         

Jones  &  Lamson  Machine  Co 

Judd,  Walter,  Ltd 

Keep,  Juxon  &  Co. 

Keith,  J.,  &  Blackman  Co.,  Ltd. 

King,  H.J.  H.,  &Co 

Klinger,  Richard  &  Co 

Krupp,  Fried 

Lancaster  &  Tonge,  Ltd.  

Lang,  John,  &  Sons       

Lassen  &  Hjort     ...         

Leeds  Forge  Co.,  Ltd 

Lepard  &  Smiths,  Ltd 

Library  Supply  Co.  

Lobnitz  &  Co.,  Ltd 

Luke  and  Spencer,  Ltd 

Lyle  Co.,  Ltd 

Mabie,  Todd  &  Bard       

McLaren,  J.  &H 

Magnolia  Anti-Friction  Metal  Co.,  Ltd. 

Marion  &  Co.,  Ltd.  

Mason,  W.  F.,  Ltd 

Mather  &  Piatt,  Ltd 

Matthews  &  Yates,  Ltd 

Meldrum  Bros.,  Ltd 

Melling,  J.  F 

Metallic  Paint  Co.,  Ltd 

Miller,  Hv..  ft  Co 

Mirr lees- Watson  Co.,  Ltd.  


PAGE 

•  •     9* 

100 

84 
86 

55 
43 
89 

5 
82 

28 
15 
84 
56 
87 
96 
40 
17 
95 

89 

47 
88 

65 
5& 
42 
66 

89 
46 

60 


BLACKMAN  sss  FANS 

For  Ventilating  and  Drying. 
JAMES    KEITH    &    BLACKMAN    CO.,  LTD 

27,  FARRINGDON  ST.,  LONDON,  E.C.,  AND  BRANCHES. 


THE    THORNYCROFT   STEAM 


Makers    of    all    kinds     of    Steam     Vehicles    for 

Commercial    Purposes,    Lorries,    Vans,    Drays, 

Municipal  Tipping  Dust  Vans  6  Water  Wagons. 

Loads  from  1  ton  to  7  tons. 


ALL    HIGHEST  AWARDS    SINCE    1898. 

TWO  MORE  GOLD  MEDALS  AT   LIVERPOOL 

TRIALS.  1901. 

AWARDED  FIRST  PRIZE  (£500)  IN  WAR    OFFICE 

COMPETITION  OF  MOTOR  LORRIES. 


London  Office  : 

HOMEFIELD,    CHISWICK,    W. 

Works  : 

BASINGSTOKE,  HANTS. 


J      THE     RELIANCE     LUBRICATING     OIL    COMPANY,     $ 

^  19  &  20.  Water   Lane,  Great  Tower   Street,  LONDON,   E.C.  j, 

41   HIGH-CLASS    NON-CORROSIVE     LUBRICATING     OILS      Also  99,  Great  Clyde  Street,  Glasgow;  44,  Baldwin   j» 
2?  AND    SOLIDIFIED    LUBRICANTS.  Street'  Bristo' ■  ,and  f-  *f  "^j"'  "ewcaatle-on-Tyne.  £ 

^t>  Telegrams:  "SUBASTRAL,  LONDON.  T^ 

{  Castor.  Lard.  Olive,  Neatsfoot,  and  Linseed  Oils,  Tallow,  &c  Telephone  N"o. :  AVENUE  5891.  A  B  C  Code  Used.  C^t 
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FIG.   J.      MAIN   VERTICAL   DEEP   LEVEL   SHAFT   AT    LANCASTER   WEST   MIME. 

Showing  headgear,  temporary  engine  house,  mullock  heap,  etc. 

THE  EQUIPMENT  OF  THE  LANCASTER  WEST  MINE. 


EDGAR    SMART,  A.M.Inst.CE. 

Continuing  his  description  of  notable  South  African  mining  enterprises,  the  author  includes  in 
the  present  article  some  of  the  chief  pointsof  interest  noted  during  a  personal  visit  to  the  Lancaster 
West  Mine.  A  subsequent  article  will  deal  with  the  Boiler  House,  Engine  Room,  Double-driven 
Winding  Engine,  Electric  Plant,  Equipment  of  the  Vertical  Shaft,  etc.  Previous  articles  of  the 
series  were  :  "  Developments  in  Cyanide  Practice  "  (July  1902)  ;  "  Modern  Practice  in  Milling  and 
Amalgamating"  (September  and  October,  1902)  ;  "Collecting  Pyritic  Material  for  Cyanide 
Treatment "  (Januarv,  1903);  "The  Equipment  of  the  Bonanza  Mine"  (February,  1903)  ;  "The 
Equipment  of  the  Robinson  Mine,  Johannesburg  "  (August.  September,  and  October,  1903). — Ed. 


npHIS  property  is  situated  at  Krugersdorp, 
■*■  about  nineteen  miles  west  of  Johannesburg , 
and  is  under  the  able  management  of  Mr.  John 
Pascoe,  to  whom  the  author  is  much  indebted 
for  his  courtesy  in  giving  every  facility  for  the 
preparation  of  this  article,  as  well  as  for  the 
particulars  which  he  supplied  personalty. 

In  order   to   clearly  explain  the  operations 
which  are  being  carried  out,  it  is  necessary  to 


refer  to  the  sketch  section  shown  in  fig.  1,  in 
which  the  known  positions  and  probable  ex- 
tensions of  the  ore  bodies  are  shown  by  thick 
dotted  lines,  and  those  of  the  shafts  by  full 
lines. 

The  mine  was  originally  opened  up  in  a  small 
way  on  the  Battery  Reef  several  years  ago,  but 
when  acquired  by  the  present  company,  it  was 
known  that  the  property  must  also  carry  the 
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FIG.      I.       SHOWING     POSITION     OF     SHAFTS     AND 
PROBABLE    EXTENSIONS   OF   THE    MINE. 


reefs  out-cropping  to  the  north  of  it,  more  par- 
ticularly the  Botha  line  of  reef.  As  regards 
the  Battery  Reef,  therefore,  the  property  is  an 
outcrop  mine,  but  with  respect  to  the  Botha 
reef  it  is  purely  a  deep  level  proposition. 

MAIN    INCLINED     SHAFT. 

The  Battery  Reef  is  now  being  opened  up  and 
worked  by  a  main  inclined  shaft,  sunk  at  an 
angle  of  32J  degrees,  with  two  subsidiary  in- 
clined shafts,  which  are  located  775  ft.  to  the 
east  and  480  ft.  to  the  west,  respectively.  The 
headgear,  sorting  house,  ore  bins,  and  waste 
rock  tram  line  and  dump  are  shown  in  fig.  2, 
together  with  the  brick  base  and  lower  portion 
of  the  125  ft.  steel  stack  in  the  foreground  on 
the  left-hand  side  of  the  photograph.  Besides 
these  bins  on  the  head  gear,  an  ore  bin  of  150 
tons  capacity  has  been  provided  at  each  of  the 
shaft  stations,   from  the  third   to  the  eighth 


levels  inclusive.  There  are  two  advantages 
arising  from  this  provision  for  storage  at  the 
shaft  stations  :  (1)  that  stoping  and  tramming 
can  be  carried  on  simultaneously  in  all  the  levels, 
if  necessary,  while  the  ore  is  being  continuously 
hauled  from  one  bin  only  until  that  is  empty, 
and  then  from  other  bins  in  succession  ;  (2) 
the  reserve  of  ore  obviates  loss  of  time  in  wind- 
ing due  to  irregularity  in  tramming  from  the 
passes  to  the  shaft. 

The  reef  is  taken  out  to  an  average  width  of 
3  ft.,  and  208,594  tons  have  been  mined  from  it 
up  to  the  end  of  the  year  1903.  After  sorting 
out  the  waste  rock,  the  balance,  amounting  to 
175,543  tons,  has  been  crushed,  with  a  total 
yield  from  mill  and  cyanide  plants  of  66,320  oz. 
fine  gold,  or  an  average  value  of  7-56  dwts.  per 
ton  milled. 

The  total  actual  working  costs  during  the 
year  1903  were  only  19s.  6d.  per  ton  milled, 
and  after  allowing  5s.  per  ton  for  redemption  of 
mine  development,  the  net  profit  was  just  over 
9s.  iod.  per  ton  milled. 

THE    VERTICAL    SHAFT. 

As  soon  as  the  Battery  Reef  had  been  de- 
veloped sufficiently  to  provide  such  an  adequate 
reserve  that  milling  operations  could  be  com- 
menced, attention  was  directed  to  the  opening 
out  of  the  underlying  Botha  Reef,  which  is  now 
almost  universally  admitted  to  be  an  extension 
of  the  Main  Reef  series  itself,  although  in  the 
early  days  before  the  latter  had  been  traced  so 
far  west,  it  received  another  name. 

The  management  decided  to  sink  a  main 
vertical  shaft  at  a  point  1,150  ft.  north  of  the 
main  incline  (see  fig.  1),  this  being  about  100  ft. 
inside  the  northern  boundary  of  the  Company's 
property.  The  position  of  this  shaft  is  par- 
ticularly mentioned  because  some  of  the  other 
deep  level  mines  will  be  worked  by  a  vertical 
shaft  situated  close  to  their  southern  boundary, 
and  the  question  as  to  which  of  these  locations 
is  to  be  preferred  may  shortly  give  rise  to  con- 
siderable discussion. 

The  shaft  is  23J  ft.  by  6  ft.  inside  measure- 
ment, and  is  divided  into  four  compartments 
namely,  two  at  5  ft.  by  6  ft.,  for  hauling  ore, 
one  of  the  same  size  for  men  and  materials,  and 
one  6J  ft.  by  6  ft.,  for. pipes,  pump  rods,  and 
ladderway.     It  is  timbered  with  9-in.  by  9-in. 


Photo  by  Author.] 
FIG.    2.      IXCLIXE  SHAFT,  WITH  SORTING    HOUSE  AND  WASTE  ROCK    DUMP  AT  LANCASTER  WEST  MINE. 
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FIG.   4.       THE   TAILIXGS   WHEEL  AXD   SERIES   OF   SPITZKASTEX. 
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FIG.   5.      CYANIDE   PLANT   FOR   SINGLE   TREATMENT   OF   SANDS   AT   LANCASTER   WEST   MINE. 


pitch  pine  sets,  placed  at  6-ft.  centres,  and  is 
lined  with  12-in.  by  2-in.  lagging.  Sinking  was 
commenced  in  January,  1903,  and  it  is  expected 
that  the  reef  will  be  struck  at  a  depth  of  about 
2,000  ft.,  which  will  require  twenty  months'  work 
at  the  estimated  average  rate  of  100  ft.  per 
month.  It  is  intended  to  continue  the  sinking 
through  the  reef  sufficiently  for  the  provision 
of  a  permanent  ore  bin,  and  also  for  a  main 
sump.  An  inclined  shaft  will  then  be  carried 
down  on  the  dip  of  the  reef,  and  the  ore  will  be 
hauled  in  this  shaft  to  the  above-mentioned 
bin  by  an  engine  at  the  foot  of  the  vertical 
shaft  operated  by  compressed  air.  Thus  the 
hauling  will  be  performed  in  two  separate  stages. 
Similarly,  the  pumps  in  the  inclined  shaft  will 
be  driven  by  compressed  air,  and  will  deliver 
the  water  into  the  main  sump  at  the  bottom  of 
the  vertical  shaft,  whence  it  will  be  brought  to 
the  surface  by  a  12-in.  Cornish  pump  of  special 
design,  to  be  supplied  by  Messrs.  Harvey  and 
Co.,  who  have  kindly  supplied  the  photograph 
shown  in  fig.  8. 

The  sinking  is  being  done  with  a  temporary 
15-in.  by  30-in.  double-drum  winding  engine, 
which  has  been  erected  on  the  south  side  of  the 
shaft,  so  that  it  will  not  interfere  with  the  erection 
of  the  permanent  machinery  on  the  north  side. 


At  present  steam  is  provided  by  two  108-h.p. 
Buttner  boilers,  which  will  eventually  constitute 
part  of  the  permanent  power  installation.  Fig.  3 
shows  the  headgear  of  this  shaft,  with  the 
temporary  engine  house  and  the  beginning  of 
one  more  of  the  numerous  mullock  heaps,  which 
are  at  once  the  pride  of  the  miner  and  the 
despair  of  the  landscape  artist. 

STOPING. 

In  this  mine  it  is  still  found  more  advan- 
tageous to  continue  hand  drilling  in  the  stopes, 
because  comparatively  soft  oxidised  ore  is  being 
worked,  and  no  difficulty  has  been  so  far  expe- 
rienced in  keeping  the  battery  supplied.  An 
interesting  fact  in  connection  with  Kafir  labour 
has  been  noted  by  Mr.  W.  M.  James,  the  consult- 
ing engineer  of  this  mine,  in  his  report  of  Febru- 
ary, 1903,  namely,  that  under  the  piece-work 
system  then  in  vogue,  the  average  work  of  195 
hammer  boys  was  4-02  ft.  drilled  per  shift,  as 
against  only  3  ft.  per  shift,  which  was  the 
maximum  established  before  the  war  by  un- 
written law  amongst  the  Kafirs,  who  were  then 
working  on  the  day  wages  system. 

In  connection  with  this  subject,  it  may  also 
be  mentioned  that  formerly,  when  the  illicit 
trade  in  drink  amongst  the  Kafirs  was  practically 
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uncontrolled,  the  manager,  Mr.  Pascoe,  esti- 
mates that  about  20  per  cent,  of  the  natives 
were  usually  absent  from  work  owing  to  drunken- 
ness, while  during  1902,  under  the  new 
regime,  only  7  per  cent,  were  absent,  including 
all  causes  of  idleness. 

THE    CYANIDE    WORKS. 

Although  of  comparatively  recent  con- 
struction, this  plant  differs  from  the  majority  of 
the  new  installations  in  that  it  is  designed  for 
single  treatment  only,  and  also  because  no  pro- 
vision has  been  thought  desirable  at  the  present 
time  for  the  treatment  of  slimes. 

A  double  tailings  wheel,  that  is  to  say,  a 
wheel  with  a  set  of  buckets  on  each  side  of  the 
spokes,  is  situated  close  to  the  battery,  and  the 
pulp  from  the  tables  is  lifted  by  one  set  of 
buckets  to  a  launder,  which  delivers  it  to  a 
settling  pit,  with  an  overflow  gate.  In  this  pit 
the  bulk  of  the  sand  is  settled,  and  the  over- 
flow, containing  practically  all  the  slime  and 
some  fine  sand,  passes  to  the  other  side  of  the 
wheel,  which  lifts  it  to  a  series  of  spitzkasten, 
which  are  shown,  together  with  the  wheel,  in 
fig.  4. 


The  underflow  from  the  spitzkasten  contains 
sand  which  is  returned  to  the  main  launder, 
carrying  the  pulp  from  the  mill  to  the  settling 
pits.  The  overflow  from  this  first  set  of  spitz- 
kasten passes  on  to  a  second  and  larger  series, 
in  which  the  slimes  are  separated  from  the  bulk 
of  the  water,  about  75  per  cent,  of  which  over- 
flews  in  such  a  clarified  condition  that  it  can  be 
at  once  returned  to  the  battery  supply  tank. 
The  underflow  goes  to  the  slimes  dam.  where 
the  slimes  are  finally  settled  and  a  certain 
quantity  of  the  remaining  water  overflows  to 
the  pumping  station,  whence  it  is  returned  to 
the  battery. 

SETTLING     PITS. 

The  three  sand  settling  pits,  each  of  500  tons 
capacity,are  enclosed  and  divided  from  each  other 
by  embankments  of  earth.  At  the  end  opposite 
to  the  inflow  launder,  each  pit  has  an  opening 
cut  tniougb  the  bank  provided  with  a  strong 
timber  framing,  which  carries  an  inclined  grid- 
iron door,  hinged  at  its  upper  edge  to  the  cross- 
beam of  the  frame.  A  sheet  of  stout  canvas 
is  attached  to  a  spring  roller,  placed  across  the 
bottom  of  the  opening,  exactly  like  an  inverted 
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FIG.    7.        XORTHERX    PORTION*    OF   SURFACE    FLAX,    LAXCASTER   WEST    MIXE. 

(The  only  feature  of  interest,  in  the  southern  half  of  the  plan  is  the  explosives  store.) 


window  blind.  The  upper  free  edge  of  this 
blind  forms  the  overflow  for  the  slimy  water 
from  the  pit  ;  it  is  pulled  up  a  few  inches  higher 
from  time  to  time,  as  the  collected  sand  accu- 
mulates behind  it,  and  it  rests  against  the 
gridiron  door  above  mentioned.  When  the  pit 
is  full  of  sand,  the  grid  and  blind  are  lifted 
together  out  of  the  way,  thus  leaving  free  access 
to  the  tailings  therein,  and  the  sand  is  shovelled 
into  trucks,  which  can  enter  the  pit  as  the 
excavation  proceeds.  The  trucks  are  then 
hauled  up  to  the  top  of  the  treatment  vats. 

In    this  way  71   per   cent,   of  the  material 
rushed  is  collected  in  a  leachable  condition  for 


cvanide  treatment,  which  is  a  very  good  result 
for  pit  settlement,  but  in  order  to  reduce  the 
cost  of  handling  the  tailings  at  this  stage,  it  is 
intended  to  erect  collecting  vats  on  piers,  with 
tunnels  underneath  the  vats,  in  order  to  have 
the  economical  advantage  of  a  bottom  discharge. 
These  will  be  built  in  line  with  the  treatment 
vats,  and  on  the  same  level,  instead  of  being 
placed  over  the  latter  as  in  many  other  plants. 

There  are  eight  steel  treatment  vats,  30  ft. 
diameter  by  8  ft.  deep,  built  on  stone,  piers  in 
two  parallel  rows  of  four  vats  (fig.  5).  The 
type  of  plant  with  collecting  vats  and  treat- 
ment vats  on  one  level  and  in  one  straight  line* 


io 


Page's  Magazine. 


although  one  of  the  earliest  forms  adopted  on 
the  Rand,  is  likely  to  come  into  use  again  largely 
in  the  future  for  either  single  or  double  treat- 
ment, but  with  a  continuous  belt  for  transfer  of 
the  material  from  one  set  of  vats  to  the  other, 
in  place  of  the  inclined  tram  line,  and  truck 
haulage.  The  two  salient  advantages  of  this 
system  over  the  double  tier  plants  are  :  first,  an 
economy  in  cost  of  construction  ;  and,  second, 
a  greater  latitude  in  the  handling  of  the  tailings 
for  transfer  from  the  first  to  the  second  set  of  vats. 

For  with  the  single  tier  plants,  the  contents 
of  any  vat  of  the  first  set  can  be  readily  trans- 
ferred to  any  one  of  the  second  set,  so  that  the 
number  of  vats  in  each  set  need  not  be  equal,  but 
may  be  proportional  to  the  times  occupied  in 
the  two  stages  of  the  treatment. 

It  may  be  observed  also  that  any  number  of 
sets  of  vats  may  be  arranged  in  the  same  way 
for  the  collection  of  tailings  followed  by  single, 
double,  or  triple  treatment,  as  desired. 

PRECIPITATION     HOUSE. 

The  Siemens'  electrical  precipitation  process 
is  still  in  use  at  this  mine,  and  fig.  6  shows  the 
arrangement  of  the  precipitation  boxes. 

Each  of  the  four  boxes  is  31  ft.  long,  5  ft. 
wide,  and  5  ft.  deep,  and  contains  156  iron 
anode  plates,  4  ft.  by  2  ft.  in  area.  The  total 
anode  surface  is,  therefore,  nearly  10,000  square 
feet.  The  gold  is  deposited  on  the  lead  foil 
cathodes,  which  are  melted  and  cupelled  in  the 
usual  manner.  The  electrodes  are  connected 
in  multiple  series,  and  the  current  density 
allowed  is  0*04  ampere  per  square  foot.  The 
amount  of  cyanide  solution  dealt  with  in  this 
plant  averages  150  tons  per  day. 

THE     SURFACE     LAY     OUT J 

Fig.  7  is  reproduced  from  a  surface  plan 
issued  with  the  Company's  reports,  for  which 


the  writer  is  indebted  to  the  courtesy  of  Messrs. 
A.  Georz  and  Co.,  and  the  Secretary  of  the 
Company,  Mr.  F.  W.  Diamond.  It  shows  the 
position  of  the  shafts  already  referred  to,  and 
also  illustrates  the  general  arrangement  of  the 
surface  plant  of  a  property  whose  equipment 
is  sufficiently  recent  to  have  received  the 
benefit  of  experience  gained  on  the  earlier  mines. 

Thus  the  service  reservoir,  which  has  a  capacity 
of  three  million  gallons,  is  placed  on  the  highest 
point  of  the  ground,  so  that  water  can  be 
supplied  from  it  for  domestic  as  well  as  mining 
purposes,  on  all  parts  of  the  property  by 
gravitation. 

It  may  be  noted,  too,  that  the  mill,  according 
to  the  usual  and  best  practice,  is  situated  near 
the  main  shaft,  but  it  is  north  of  the  outcrop, 
the  latter  point  having  often  been  neglected 
formerly  in  the  selection  of  sites  for  batteries, 
which,  having  been  built  over  the  reef,  have 
suffered  considerable  disturbance  when  the  ore 
beneath  them  was  removed. 

The  engine  and  boiler  houses  are  as  usual 
close  to  the  mill,  the  workshops  handy,  but  a 
little  further  removed.  The  concentration  of 
all  these  buildings  and  the  cyanide  plant  and 
offices  within  a  small  area,  reduces  the  labour  of 
managerial  supervision  to  a  minimum,  and 
facilitates  the  communication  between  the 
various  departments  necessary  for  their  due 
co-operation. 

The  arrangement  of  the  residential  buildings 
is,  of  course,  largely  a  question  of  taste,  but  it 
may  be  pointed  out  that  the  houses  for  the  white 
employees  are  grouped  on  the  rising  ground  on 
the  western  side,  while  the  Kafir  compound  is 
placed  as  far  away  as  possible  near  the  eastern 
boundary,  an  arrangement  equally  satisfactory 
to  both  colours. 

( To  be  continued?) 
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In  the  present  article  the  author  discusses  some  of  the  theoretical  considerations  which  have 
played  an  important  part  in  the  development  of  the  portable  steam  engine.  A  subsequent  article 
will  be  devoted  to  leading  types  of  these  engines. — Ed. 


THE  characteristic  essential  of  the  portable 
engine — or,  as  it  is  more  conveniently 
designated,  the  locomobile — is  naturally  its 
portability  ;  and,  as  we  shall  see  in  a  moment, 
this  condition  is  not  altogether  satisfied  by  the 
fact  that  it  is  mounted  upon  four  wheels  like 
any  other  heavy  vehicle. 

The  motto  of  the  locomobile  is  Ubiqiie,  and 
its  work  lies,  not  seldom,  at  the  very  outposts 
of  civilisation,  so  that,  instead  of  the  engine 
following  the  roads,  the  road  may  be  very 
literally  said  to  follow  the  engine.  Forests 
have  to  be  cleared,  swamps  drained,  bridges  of 
stone  or  timber  constructed,  and  rocks  blasted 
and  broken  up  for  road-metal  before  vehicles 
can  travel  in  a  civilised  and  decorous  manner. 

Conveyance  upon  its  own  wheels,  as  it  nears 
the  end  of  its  journey,  is  sometimes  impossible, 
and  there  is  nothing  for  it  but  to  dismount  the 
engine  from  the  boiler,  and  carry  the  separate 
parts  bodily,  by  sheer  force  of  human  labour. 

Stripped  of  everything  which  can  be  taken 
from  it,  the  boiler  has  to  be  floated  across 
streams,  lashed  to  timbers  and  supported  by 
empty  casks,  to  give  it  buoyancy.  In  passing, 
it  may  be  useful  to  note  that  small  locomotive- 
type  boilers  are  too  heavy  in  proportion  to  their 
volume  to  float  without  assistance,  even  when 
all  openings  are  sealed  up.  Before  now  a  boiler 
of  this  kind  has  been  built  up  solid  with  timber 
into  a  cylindrical  form,  and  rolled  up  a  mountain 
side,  or  lowered  down  a  precipice,  in  the  manner 
adopted  by  the  brewers'  drayman. 

TRANSPORT     DIFFICULTIES. 

Fig.  i  shows  a  quaint  procession  "  assisting  " 
the  boiler  of  a  portable  engine  along  a  mountain 
path  in  China,  and  illustrates  some  of  the 
difficulties  met  with  in  transport.  In  more 
serious  cases,  it  sometimes  happens  that  the 
entire  machine  has  to  be  transported  in  small 
pieces,  each  forming  a  load  for  one  or  two  men. 
Here,  however,  the  ordinary  portable  engine, 
because  of  its  heavy  unit,  the  boiler,  fails  utterly, 
and   recourse   must    be   had   to    a   water-tube 


boiler,  which,  conveyed  in  single  tubes,  can  be 
taken  up  a  ladder  if  necessary.  But  this  is 
by  the  way. 

THE     DETACHABLE     ENGINE. 

The  principal  modern  improvement  in  the 
locomobile  which  concerns  us  just  now  is  the 
detachable  engine.  Under  the  old  system,  the 
cylinder  is  curved  to  fit  the  boiler,  and  is  secured 
to  it  by  bolts  passing  through  the  boiler-plates, 
while  the  "  saddle  "  or  casting  comprising  the 
two  plummer-blocks  for  carrying  the  crank- 
shaft, is  also  curved  to  suit  the  boiler,  and 
attached  by  more  bolts.  This  method  of  con- 
struction strikes  us  at  once  as  offering  at  least 
two  disadvantages — one,  the  obvious  liability 
of  leakage  through  any  one  of  the  sixteen  bolt- 
holes  passing  through  the  shell  of  the  boiler, 
and  the  other  the  fact  that  the  cylinder  is,  so 
to  speak,  specialised,  in  that  it  is  individually 
fitted  to  the  curve  of  the  boiler,  and  therefore 
cannot  be  replaced,  if  injured  or  worn  out,  with- 
out the  services  of  a  skilled  erector.  The  same 
objections  apply,  of  course,  but  in  an  even  greater 
degree,  to  the  cast-iron  saddle,  with  the  ad- 
ditional disadvantage  that  the  latter  is  particu- 
larly liable  to  breakage  when  the  engine  is 
stripped  for  travelling  under  the  circumstances 
illustrated  in  fig.  I. 

There  is  one  more  accusation  to  be  brought 
against  the  cast-iron  saddle  while  we  are  on  the 
subject,  and  that  is  the  obvious  want  of  a  direct 
connection  between  itself  and  the  cylinder,  to 
take  up  the  stresses  induced  by  the  pull-and- 
thrust  of  the  piston  upon  the  crank.  As  it  is, 
these  stresses  are  conveyed  through  the  boiler — 
not  a  desirable  thing  in  itself,  although  the 
boiler,  in  small  portable  engines,  at  any  rate,  is 
strong  enough  to  form  the  frame  of  the  engine 
without  injury.  The  chief  objection  to  this 
arrangement  is  the  possibility  of  its  giving  rise 
to  leakage  at  the  bolt-holes  already  mentioned, 
unsuspected  and  unseen  until  the  removal  of 
the  cleading  (or  sheathing  of  non-conducting 
material  which  covers  the  boiler)  discloses  an 
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unwelcome  spectacle — the  wasting  away  of 
the  boiler-plate,  in  the  wake  of  some  one  or 
more  of  the  bolt-holes — a  defect  not  easily 
remedied. 

'  Owing  to  the  expansion  and  contraction  of  the 
boiler,  as  it  is  alternately  heated  and  cooled, 
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anything  in  the  nature  of  a  rigid  connection 
between  cylinder  and  saddle  is  out  of  the  question, 
as  it  would  give  rise  to  stresses  beyond  com- 
parison greater  than  those  it  was  intended  to 
absorb. 

This  brings  us  to  the  method  now  almost 
universally  adopted  for  rigidly  connecting  the 
cylinder  and  crankshaft  bearings,  while  allowing 
for  the  free  expansion  of  the  boiler — the  sliding 
plummer-block.  Upon  the  steel-plate  brackets 
riveted  to  the  boiler-barrel,  cast-iron  fitting- 
pieces  are  bolted,  upon  which  the  plummer- 
blocks  are  free  to  slide  longitudinally  by  means  of 
a  dovetailed  rib  or  its  equivalent. 

A  steel  tie-rod  connects  each  plummer-block 
with  its  own  side  of  the  cylinder,  the  latter 
being  rigidly  fixed  to  corresponding  brackets 
riveted  to  the  firebox  casing.  This  is  the 
general  principle  of  the  detachable  engine, 
carried  out  in  differing  detail  in  the  engines  we 
shall  illustrate. 

This  allows  of  a  complete  and  independent 
horizontal  steam-engine  being  erected  with  all 
its  parts  separately  upon  a  surface-plate,  with 
all  its  bolt-holes  drilled  to  template,  without 
reference  to  the  particular  boiler  it  may  be  con- 
nected up  to.  From  this  it  follows  that,  in  the 
event  of  serious  damage  to  the  boiler,  as,  for 
example,  the  not  unknown  case  of  a  fire  being 
lighted   without   the    boiler   having   been   pre- 


viously filled  with  water,  a  new  boiler  could  be 
sent  out  with  the  certainty  of  fitting  correctly 
to  the  existing  engine.  Conversely,  any  details 
required  for  the  repair  of  the  engine,  or  the 
complete  engine  itself,  can  be  ordered  without 
fear  of  any  difficulty  in  its  erection  upon  the 
boiler. 

If  circumstances  require  it,  the  engine  and 
boiler  may  be  dissociated,  and  put  to  work  in 
separate  rooms  or  placed  side  by  side.  Only 
those  who  have  been  in  charge  of  steam-driven 
machinery  in  situations  far  removed  from  the 
possibility  of  obtaining  skilled  mechanical  labour, 
can  fully  appreciate  the  marvellous  adaptability 
of  the  portable  steam-engine,  in  its  modern 
form,  as  illustrated  in  the  course  of  this  article. 
True  economy  in  steam  consumption  is  only 
attained  by  making  the  working  parts  strong 
and  stiff  enough  to  withstand  the  stresses  in- 
duced by  an  early  cut-off  in  the  cylinder  with 
a  high  initial  steam-pressure — otherwise,  the 
benefits  of  expansive  working  are  more  than 
neutralised  by  endless  trouble  caused  through 
bending  stresses  in  the  engine  parts,  leading  to 
hot  bearings  and  other  difficulties. 

LOCOMOBILE     BOILERS. 

The  boiler  of  the  locomobile  nowadays  is 
always  constructed  of  steel,  and  is,  as  a  rule,  an 
admirable  specimen  of  good  design  and  accurate 
workmanship.  So  far  as  we  have  been  able  to 
ascertain,  there  are  only  two  variations  from 
the  normal  construction  in  general  use,  which 
we  shall  consider  in  due  course.  Neither  of 
these,  however,  affects  the  general  principle  of 
the  boiler.  The  material  is,  as  we  have  said, 
steel,  but  as  that  convenient  appellation  covers 
a  very  wide  field,  it  will  be  necessary  to  define 
the  quality  and  grade  of  the  steel  which  it  is 
desirable  should  be  employed  in  a  first-class 
loco-type  boiler. 

Boiler-shell  plates  should  have  a  tensile 
strength  of  not  less  than  26,  or  more  than  30 
tons  per  square  inch  of  section.  A  sample  of 
Siemens-Martin  steel,  of  thoroughly  satisfactory 
character,  gave  the  following  results  :  Ultimate 
tensile  strength,  27-9  tons  ;  elongation  in  8  in., 
26  per  cent.  ;  contraction  of  fractured  area, 
47  per  cent.  A  strip  of  this  plate,  heated  to  a 
cherry-red,  and  plunged  into  water  at  80  deg.  F., 
may  be  doubled  over  flat  upon  itself  without 
any  indication  of  cracking.  The  drifting  test 
shows  that  a  f  in.  hole  may  be  enlarged,  cold, 
to  if  in.  diameter,  without  distress  of  the  plate. 

An  analysis  of  the  same  piece  gave  carbon 
•16  per  cent.  ;  silicon,  *oi8  ;  sulphur,  -035  ; 
phosphorus,  -066  ;  manganese,  -492  per  cent.  A 
similar  analysis  of  firebox  plate  gave  carbon,  *i6 ; 
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silicon,  •022  ;  sulph'ur,  -032  ;  phosphorus,  -05  ; 
manganese,  -479  per  cent.  This  plate  showed 
25 1  tons  tensile  strength  ;  28  per  cent, 
elongation  in  8  in.,  with  48  per  cent,  reduction 
of  fractional  area. 

In  rivet  steel,  the  tenacity  is  26  tons,  but  the 
ductility  is  greater,  the  elongation  in  8  in. 
being  31  per  cent.,  with  a  contraction  at  fracture 
of  66  per  cent.  Rivets  should  admit  of  being 
doubled  over  flat,  cold,  and  the  head  should 
allow  of  being  flattened  out,  hot,  to  4  in.  thick- 
ness, without  cracking  at  the  edges. 

The  flanging  of  the  plates  should  be  entirely 
done  by  hydraulic  pressure,  and  all  the  rivet- 
holes  should  be  drilled  in  position,  the  plates 
being  afterwards  separated,  and  the  small  burrs 
produced  by  the  drilling  (which  would  inter- 
fere with  the  close  contact  of  the  plates)  re- 
moved. Plates  which  have  been  locally  heated 
for  any  purpose,  should  not  be  put  into  the 
boiler  until  they  have  been  annealed,  which  has 
the  effect  of  setting  the  plate  at  rest,  or,  in  other 
words,  of  eliminating  all  local  stresses  induced 
by  partial  heating. 

Finally,  hydraulic  or  machine  riveting  should 
be  employed  throughout,  a  variety  of  special 
portable  riveting  machines  now  being  available, 
capable  of  dealing  with  difficult  positions. 

The  manhole  should,  of  course,  be  adequately 
reinforced  by  a  strengthening  plate  riveted 
round  it,  and  the  manhole  door  should  be  of 
pressed  steel,  preferably  of  that  kind  which  has 
a  flat  joint,  rather  than  one  which  follows  the 
curve  of  the  boiler.  As  a  rule,  however,  in 
dealing  with  any  firm  of  good  repute,  there  is 
little  need  to  go  beyond  their  own  standard  of 
material  and  workmanship,  which  will  be  found 
adequate  to  the  requirements  of  any  boiler- 
insurance   association. 

The  rules  for  the  strength  and  staying  of 
loco-type  boilers  are  too  complex  for  discussion 
here,  but  it  may  be  taken  for  granted  that,  if 
the  boiler  stands  an  hydraulic  test  of  100  lb.  per 
square  inch  above  the  ordinary  working  pressure 
(usually  100  lb.  per  square  inch)  without  dis- 
tortion or  leakage,  there  will  be  little  fear  of 
faulty  workmanship  or  bad  design  escaping 
detection. 

Now,  in  regard  to  size  of  boiler,  we  may,  in 
single  or  double  cylinder  non-compound  port- 
able engines,  allow  for  a  maximum  steam  con- 
sumption— or,  in  other  words,  a  water  .evapora- 
tion— of  40  lb.  per  effective  h.p.  per  hour,  and  at 
a  piston-speed  of  300  ft.  per  minute,  may  fix 
a  diameter  of  cylinder.  These  two  factors  will 
enable  us  to  tabulate  various  dimensions  of  the 
boilers  corresponding  to  given  cylinder  diameters. 

This  table,  which  has  been  compiled  expressly 


for  this  article  from  the  practice  of  several  of 
the  leading  makers,  will  be  found  useful  as  a 
check  upon  the  size  and  power  of  the  boilers, 
Thus — for  single -cylinder  engines  the  boiler 
dimensions  may  be  as  follows  : — 

Single-Cylinder  Engines. 


Heating  Surface. 

Cylinder 

Grate- 
area. 

Effective  or 

Diameter. 

I 

Brake  h.p. 

Firebox.   |     Tubes.          Total. 
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Double-Cylinder  Engines. 
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64 
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12 

65 
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70 

12 
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74 
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80 

13 
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824 
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94 

For  wood-burning  boilers  the  tabulated  grate  - 
area  should  be  increased  by  approximately 
25  per  cent.,  which  is  also  adequate  for  burning 
straw. 

The  firebox  heating  surface  will  consequently 
be  enlarged  to  nearly  the  same  extent,  the  tube 
surface  remaining  unaltered.  Without  going 
more  minutely  into  boiler  measurements,  the 
above  may  be  taken  as  fairly  representative  of 
the  boiler  sizes  which  accompany  the  given 
cylinder-diameters. 

ROOF-PLATE     PROBLEMS. 

In  general  construction  there  is  very  little 
difference  between  the  boilers  as  manufactured 
by  the  various  leading  makers.  We  have  men- 
tioned two  specialities  which  form  almost  the 
only  exceptions  to  the  ordinary  design  ;  both 
consisting  of  improved  methods  of  supporting 
the  roof  of  the  firebox.  It  may  be  worth  while 
to  explain  the  ordinary  method  of  doing  this, 
and  the  need  for  improvement  which  undoubtedly 
exists.  Few  persons,  other  than  those  in- 
terested in  the  design  or  manufacture  of  loco- 
type  boilers,  realise  the  pressure  which  has  to 
be  sustained  by  the  roof-plate  of  quite  a  small 
portable  engine  boiler. 


Portable   Steam    Engines   of   To=day. 
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FIG.   3.      MESSRS.    ROBEYS    SOLUTION*, 

Take,  for  example,  that  tabulated  for  a 
10-in.  single- cylinder  engine,  575  square  feet 
of  grate-area.  Adding  the  25  per  cent,  extra 
for  wood  burning,  we  have  7*19  square  feet  as 
the  area  of  the  roof-plate.  At  100  lb.  steam 
pressure  per  square  inch,  we  have  14,400  lb. 
pressure  per  square  foot ;  and  103,536  lb.,  or 
more  than  46  tons,  as  the  total  downward 
pressure  to  be  resisted  all  the  time  the  boiler  is 
at  work. 

How  is  this  considerable  pressure,  which  would 
crush  in  a  flat  roof-plate  instantly,  to  be  pro- 
vided against  ?  The  usual  plan  is  to  provide 
a  sufficient  number  of  roof-girders,  resting  at 
their  ends  upon  the  vertical  end-plates  of  the 
firebox,  and  upon  the  portions  of  the  roof-plate 
immediately  contiguous,  the  latter  being  hung  up 
to  the  girders  by  stay-bolts  at  a  pitch,  or  distance 
apart,  carefully  proportioned  to  the  load  each 
bolt  is  capable  of  carrying  safely.  The  im- 
mediately visible  defects  of  this  arrangement, 
which,  nevertheless,  is  the  one  adopted  in  the 
vast  majority  of  loco-type  boilers,  are,  first, 
hat  the  whole  of  the  stress  is  transferred  to 
he  end  plates  of  the  firebox  ;  one  of  which,  the 
tube- plate,  is  so  much  weakened  by  the  large 
area  cut  out  of  it  by  the  tube-holes,  that  a  much 
greater  stress  than  is  desirable  is  imposed  upon 
the  solid  portions  of  the'plate  between  the  holes. 


To  make  up  for  this  by 
thickening  the  tube-plates 
would,  if  carried  out  com- 
pletely, result  in  a  plate  of 
such  thickness  that  it  would 
become  over- heated. 

The  second  obvious  dis- 
advantage of  the  ordinary 
roof- girder  system  is  that 
the  space  between  them 
and  the  roof-plate — usually 
not  more  than  about  an 
inch  — becomes,  owing  to 
the  difficulty  of  cleaning, 
filled  up  solid  with  scale 
or  deposit,  thus  causing 
over  heating  of  the  roof- 
plate.  It  should,  perhaps, 
be  explained  that  the  plates 
of  a  firebox,  unless  in  actual 
contact  with  the  water,  soon 
reach  a  temperature  at 
which  the  strength  of  the 
plate  is  seriously  impaired. 
There  are  three  methods 
of  overcoming  this  difficulty, 
one  of  which,  illustrated 
in  fig.  2,  is  the  corrugated 
roof-plate  of  Messrs.  Garrett. 
In  this  the  absence  of  incrustation  and  free- 
dom from  the  collection  of  mud  on  the  crown 
(owing  chiefly  to  the  absence  of  the  usual  tangle 
of  crown-stays)  are  also  two  very  noticeable 
features.  The  natural  expansion  and  contrac- 
tion are  alone  sufficient  to  prevent  incrustation, 
as  any  thin  coating  of  mud  or  scale  which  may 
collect  is  immediately  broken  on  the  next 
occasion  of  any  change  of  temperature  (with 
the  consequent  alteration  in  area  and  form  of 
crown-plate),  and  carried  away  by  the  violent 
ebullition  which  takes  place  above  this — the 
hottest — portion  of  the  firebox,  to  settle  ulti- 
mately in  a  specially- designed  mud-pocket, 
from  which  it  is  easily  removed.  In  addition  to 
these  two  good  points  of  extreme  durability  and 
strength,  the  firebox  has  also  the  advantage  of 
being  the  most  efficient,  as,  owing  to  its  form,  it 
contains  more  heating  surface  than  any  other 
firebox  of  similar  grate-area.  The  pocket 
between  the  corrugations  may  really  be  de- 
scribed as  the  lower  and  more  efficient  half  of 
a  water-tube,  situate  in  the  midst  of  the  hottest 
gases  of  combustion. 

Messrs.  Robeys'  solution  of  the  problem  is 
shown  in  fig.  3,  and  consists  in  principle  of 
transverse  roof-girders,  carried  (at  a  height 
above  the  firebox  crown-plate  of  some  six  or 
eight  inches,  to  allow  of  free  access  for  cleaning) 
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by  two  brackets,  or  angle-irons,  riveted  to  the 
shell  of  the  firebox.  As  these  girders  are  evi- 
dently free  to  lift  with  the  expansion  of  the 
firebox,  elasticity  is  secured,  while  the  entire 
weight  (the  forty-six  tons,  for  example,  already 
mentioned)  is  carried  by  the  external,  or  fire- 
box shell  .plate,  thus  relieving  the  foundation 
ring  from  the  liability  to  leakage  always  present 
when  it  has  to  take  the  pressure  due  to  the  area 
of  the  firebox. 

The  third  method  of  eliminating  the  usual 
roof-girders  is  that  of  sling  stays.  In  this 
system  the  roof  of  the  firebox  is  curved,  and 
the  screwed  stays  are  carried  right  up  to,  and 
screwed  through,  the  external  firebox-plate. 
This  arrangement  is  seldom,  if  ever,  used  in 
portable  engine  boilers,  and  may  be  dismissed 
with  the  mention  of  two  incidental  disadvantages 
— first,  the  fact  that  they  are  screwed  through 
both  plates  at  an  angle  which  is  a  compromise 
between  the  radial  directions  of  two  differently 
curved  plates,  with  the  consequence  that  they 
pass  through  both  at  an  unfavourable  angle,  and, 
secondly,  that  there  is  no  elasticity  about  it. 
When  the  inner  firebox  expands  upwards 
through  heat,  which  occurs  before  the  external 
box  becomes  heated  to  the  same  degree,  an 
enormous  compressive  strain  is  exerted  upon 
these  sling  stays,  tending  to  force  them  through, 
and  loosen  them  in,  the  screwed  holes  through 
which  they  pass.  From  all  this  it  will  be  seen 
that  1here  are  many  things  to  be  considered, 
even  in  the  supporting  of  the  firebox  crown  of  a 
small  portable  engine  boiler. 

BOILER-SHELL    CONSTRUCTION. 

There  are  two  differing  forms  of  loco-type 
boilers  in  use  at  the  present  day,  each  having 
its  own  special  advantages  in  connection  with 
the  portable  engine.  These  are  the  straight- 
line  (or  "  flush-topped ")  boiler,  and  the 
saddle  boiler.  The  latter  takes  its  name  from 
the  saddle,  or  flanged  junction-plate  uniting 
the  barrel,  or  cylindrical  part  of  the  boiler,  with 
the  firebox  casing.     As  a  consequence  of  this 


construction,  the  barrel  is  some  two  and  a  half 
or  three  inches  smaller  all  round  than  the  arched 
top  of  the  firebox  casing,  but  as  there  is  still 
room  to  accommodate  as  many  tubes  as  the 
breadth  of  the  inner  firebox  allows  of,  there  is 
no  restriction  of  the  heating  surface  owing  to 
the  lessened  diameter  of  the  barrel. 

This  pattern  is  a  favourite  one  with  portable 
engine  builders,  as  when  the  crank-shaft  is 
fixed  at  such  a  height  that  the  crank  just 
clears  the  barrel,  the  superior  height  of  the 
firebox  casing  is  exactly  adapted  to  receive  the 
cylinder  ;  engine  and  boiler  thus  affording  an 
example  of  mutual  accommodation.  The  dis- 
advantage of  this  system  is  naturally  the  set-off 
in  the  outline  of  the  boiler,  giving  longitudinal 
elasticity  to  the  structure.  This  effect,  however, 
can  be,  and,  of  course,  always  is,  resisted  by  an 
adequate  provision  of  longitudinal  stays  extend- 
ing from  end  to  end  of  the  boiler,  usually  plain 
steel  tie-rods  fitted  with  inside  and  outside 
nuts,  and  generally  screwed  through  one  or 
both  the  end  plates.  The  use  of  this  boiler  is 
in  practice  mostly  confined  to  the  smaller 
sizes,  for  which  it  is  in  every  way  admirably 
adapted. 

The  straight-line  boiler,  of  which  Messrs. 
Clayton's  and  Messrs.  Turners'  engines  (to  be 
illustrated  in  a  succeeding  article)  give  examples, 
has  its  barrel-diameter  equal  to  the  width  of 
the  external  firebox,  and  is  usually  spoken  of 
as  the  "  flush-topped "  type.  Most  of  the 
makers  adopt  this  pattern  for  their  larger  sizes, 
its  increased  capacity  of  barrel  giving  more 
steam  room  and  greater  facilities  for  entering 
and  cleaning  the  boiler. 

Longitudinal  stays  are,  of  course,  still 
necessary,  but  are  mainly  for  the  purpose 
of  strengthening  the  end  plates,  viz.,  the  smoke 
box  tube-plate,  and  the  upper  part  of  the 
firebox  front-plate.  In  general,  boilers  of  more 
than  12  or  14  nominal  h.p.  should  be  con- 
structed on  the  straight-line  principle. 

(To  be  continued.) 
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The  Daft- Williams  Electrical  Ore-Finding  System* 


DEMONSTRATION    AT    THE     WESTMINSTER     PALACE      HOTEL. 


IN  April,  1903,  we  were  able  to  call  attention  to  the 
possibilities   of  the  electrical    ore -finding    system 
invented  by  Messrs.  Leo  Daft  and  Alfred  Williams. 

At  a  well-attended  meeting  recently  held  at  the 
Westminster  Palace  Hotel.  Mr.  Andrew  Anderson  in 
the  chair,  a  practical  demonstration  of  the  working  of 
the  apparatus  was  given  bv  Mr.  Williams,  and  Pro: 
Sylvanus  Thompson.  DSc,  F.R.S.,  described  the 
results  of  experiments  lately  made  by  him  in  Wales. 

Mr.  Altred  Williams,  in  his  paper,  entitled 
"  The  Application  of  Electricity  to  the  Location  of 
Metalliferous  Deposits,"  showed  that  early  attempts 
to  locate  ore  bodies  by  methods  depending  upon 
earth  resistance  had  not  been  successful.  He 
experimented  with  this  method  in  1890  and  abandoned 
it  as  futile. 


THE    ORIGIN    OF    THE    SYSTEM. 

During  his  series  of  magnificent  experiments  some 
twenty  years  ago.  Sir  William  Preece  energised  the 
earth  with  an  interrupted  current  of  low  potential  for 
wireless  telegraphy  purposes,  and  studied  the  lines  of 
flow  with  a  telephone  circuit  connected  to  earth  bv 
portable  electrodes.  During  this  work  he  noticed  that 
the  geological  conditions  of  the  earth's  crust,  through 
which  his  currents  were  flowing,  altered  the  shape  and 
changed  the  intensity  of  his  field.     It  is  to  this  obser- 


vation that  the  inception  of  the  present  system  of  ore 
finding  is  due.  Experiments  were  made  by  connecting 
the  secondary  of  a  small  induction  coil  to  earth  in 
the  neighbourhood  of  an  artificial  lode,  and  the  results 
were  so  encouraging  as  to  warrant  attempts  on  a 
larger  scale.  During  a  prospecting  expedition  in  1899 
to  the  Alexandrian  Archipelago,  off  the  Alaskan  coast. 
Mr.  Williams  experimented  with  a  small  coil  worked 
from  dry  cells,  and  delivering  a  secondary  current  at 
about  200  volts.  The  results  obtained  justified  the 
most  sanguine  expectations.  Mr.  Leo  Daft  at  once 
designed  coils  to  deliver  very  sharp  peaked  waves  of 
variable  potential  and  receiving  telephones  of  special 
qualities.  A  great  many  experiments  were  carried  out 
in  Alaska  and  British  Columbia,  which  proved  bevond 
doubt  that  ore  bodies  could  not  only  be  traced  by 
this  method,  but  that  unknown  lodes  could  be  dis- 
covered. 

THE    APPARATUS. 

The  present  apparatus  is  the  outcome  of  several 
years'  constant  testing  in  the  mining  field  with  practi- 
cally every  variety  of  wave  form  and  length.  Mr. 
Daft  designed  about  forty  different  types  of  instruments  , 
which  were  tested  continually  at  various  mines,  and  the 
em  was  perfected  for  practical  work. 

The  transmitting  apparatus  consists  of  an  induction 
coil  adapted  to  deliver,  when  required,  a  very  heavy 
secondary  discharge  into  a  glass  condenser,  from  which 
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wires  connect  to  portable  electrodes.  Two  spark  gaps 
— in  series  and  parallel — are  inserted  in  the  circuit, 
which  is  completed  by  the  earth.  The  breaks  are  of 
two  types  ;  one  operated  by  an  electric  motor  deliver- 
ing a  quick  hammer-like  blow  with  platinum  contacts 
in  alcohol ;  the  lower  electrode  being  mounted  on  a 
revolving  table  and  held  in  position  by  a  strong  spring. 
The  upper  electrode  strikes  sharply,  and,  on  making 
contact,  forces  the  lower  one  downwards.  On  the 
return  stroke  the  contact  is  broken  at  any  point  desired 
by  the  lower  electrode's  upward  movement,  caused 
by  the  pressing  spring,  being  suddenly  arrested  by 
contact  with  the  point  of  a  rod,  the  position  of  which 
is  adjustable.  This  break  is  far  superior  to  any  other 
form  for  this  purpose,  giving  a  "  make  "  of  any  desired 
length,  and  a  "  break  "  of  unusual  abruptness.  The 
second  form  of  "  break  "  is  of  the  pendulum  type,  and 
on  account  of  its  simplicity  is  well  adapted  to  short 
distance  working,  or  in  places  where  it  is  necessary 
that  the  instruments  should  work  for  several  hours 
without  an  attendant — as  sometimes  occurs  in  remote 
districts. 

The  receiving  circuit  consists  of  two  telephone 
receivers  each  of  500  to  900  ohms  resistance,  connected 
to  the  exploring  electrodes  through  a  series-parallel 
switch. 

ITS    APPLICATION. 

On  earthing  the  transmitting  electrodes — usually 
about  100  yards  apart — a  field  of  force  is  created 
in  the  earth's  crust  something  similar  to  an  exaggerated 
field  of  force  from  a  large  horse-shoe  magnet.  With  a 
suitable  amount  of  condenser  in  action,  and  proper 
adjustment  of  the  spark  gaps,  the  telephones,  connected 
to  the  receiving  electrodes  immersed  in  the  earth  about 
70  ft.  apart,  give  an  audible  note  at  least  a  mile 
away.  With  longer  transmitting  lines  and  a  primary 
energy  of  100  watts,  sounds  are  easily  audible  two 
miles  away  even  when  the  receiving  electrodes  are 
only  150  ft.  apart.  There  is  no  limit,  practically 
speaking,  to  the  distance  to  which  the  field  can  be 
thrown  when  desired,  but  in  most  cases  it  is  unnecessary 
to  energise  more  than  a  radius  of  half  a  mile.  With 
a  normal  field — undisturbed  by  lodes — the  direction  of 
the  lines  of  flow  through  the  earth  is  approximately 
in  accordance  with  the  theoretical  diagrams  as  shown 
in  text-books. 

Now  we  come  to  the  question  of  the  variations  from 
the  normal,  caused  by  underground  deposits  of  metalli- 
ferous bodies.  Lodes  are  electrically  divided  into  two 
classes,  those  which  are  better  conductors  than  the 
enclosing  rock,  and  those  which  are,  comparatively 
speaking,  insulators.  A  good  conducting  lode  changes 
the  shape  and  intensity  of  the  normal  field  in  a  remark- 
able manner — elongating  it  in  the  direction  of  the 
strike.  Waves  passing  into  the  lode  at  great  depths 
are  brought  up  to  the  surface.  Hence,  over  the  apex 
of  the  lode  there  is  a  concentration  of  energy  and  a 
corresponding  increase  of  the  sounds  in  the  telephones 
when  in  the  neighbourhood  of  the  lode.  In  this  way 
the  position  of  the  lode  is  easily  ascertained,  and,  on 
exploring  with  the  receiving  electrodes  further  and 
further  away,  no  sounds  are  heard  whatever,  except 
over  the  path  of  the  lode,  and  by  moving  the  electrodes, 
a  point  is  found  where  the  sound  suddenly  ceases  in  some 
cases,  but  is  again  audible  on  moving  the  electrodes  a 
little  further.  Thispointof  equipotential  and  consequent 
silence  occurs  when  the  electrodes  are  so  placed  that 
the  apex  of  the  lode  is  midway  between  them.  Absolute 
silence  is  not  invariably  attained,  but  in  the  case  of 
conducting  lodes,  a  diminution  of  sound  always  occurs. 
If  the  operator  is  nearer  to  the  transmitting  base  and 
is  receiving  some    of    the    normal    waves    which  are 


travelling  on  and  near  the  surface  at  an  angle  to  the 
direction  of  the  lode's  strike,  a  cross  field  is  observed 
when  the  lode  is  between  the  electrodes,  and  the 
telephones  give  broken  and  discordant  sounds. 

With  lodes  which  act  as  insulating  bodies,  the  field 
is  never  elongated,  but  possesses  its  normal  shape. 
The  waves,  on  encountering  the  lode,  are  brought  to 
the  surface  of  the  ground  on  account  of  their  inability 
to  pass  through,  and,  consequently,  are  all  concentrated 
in  the  space  between  the  apex  of  the  lode  and  the  earth's 
surface.  When  the  telephone  electrodes — being  moved 
across  the  field  at  right  angles  to  the  direction  in  which 
it  is  expected  the  ore  bodies  strike — arrive  at  a  point 
over  a  lode  of  this  kind  the  increase  in  sound  is  sudden 
and  intense,  as  might  be  expected  when  we  consider 
the  great  depths  from  which  the  insulating  body  causes 
the  waves  to  be  brought. 

A  lode  where  metal  occurs  in  shutes  or  vertical 
deposits,  but  otherwise  insulating,  gives  most  interest- 
ing reactions,  the  effects  obtained  over  the  shute  repre- 
senting miniature  fields  which  locally  dominate  both  the 
normal  field  and  the  narrow  concentrated  field  caused 
by  insulating  portions  of  the  lode  on  either  side  of  the 
shute.  It  is  obvious  that,  as  the  reactions  over  lodes  of 
the  twD  classes  vary,  the  operator,  with  a  little  experience 
in  the  neighbourhood,  is  able  to  pick  out  the  most 
metalliferous  lodes. 

Another  method  of  working  is  to  earth  the  trans- 
mitting electrodes  parallel  to  the  expected  strike  of 
the  lodes.  Obviously  in  this  case,  the  waves  in  the 
centre  of  the  field  also  travel  in  a  parallel  direction, 
and  if  the  apex  of  the  lode  is  not  too  deep  down,  a 
"  shadow "  takes  place  in  the  earth  at  the  back  of 
the  lode.  A  considerable  portion  of  the  work  the  elec- 
trical ore-finding  system  will  be  c-dled  upon  to  do  will 
consist  of  tracing  a  lode  being  mined  at  one  point  on 
adjacent  properties  where  its  location  is  impossible, 
owing  to  the  absence  of  surface  or  other  indications. 
Operations  of  this  class  are  very  simple  in  most  cases. 

THE     QUESTION     OF     DEPTH. 

After  showing  the  method  of  procedure  in  the  case 
of  faulted  lodes,  Mr.  Williams  dealt  with  the  question 
of  depth.  The  test  as  to  depth  is  obtained  by  restrict- 
ing tlie  electric  field  so  that  audible  sounds  are  only 
obtained  over  a  given  diameter,  and  with  waves  of  the 
highest  potential  possible.  Once  ascertaining  this 
radius,  and  contracting  it  by  cutting  down  th.3  prime 
energy  used  and  narrowing  the  distance  between  the 
transmitting  electrodes,  the  approximate  depth  to 
which  the  waves  penetrate  is  easily  calculated,  and 
obviously  a  lode  situated  below  that  depth  can  show 
no  variation  in  the  field  above.  An  operator,  after  a 
little  experience  in  the  Various  formations,  and  especi- 
ally that  in  which  he  is  working,  soon  learns  from  his 
sounds  to  estimate  the  depth  with  a  degree  of  accuracy 
which  is  remarkable.  Time  being  too  limited  to  go 
into  the  questions  of  the  varying  formations  and 
enclosing  rocks,  or  into  lodes  of  complicated  character, 
Mr.  Williams  offered  to  give  anyone  interested  in  the 
question,  especially  mining  engineers,  any  information 
on  special  points  required  at  his  laboratory  at  Ealing. 

INSTANCES     OF     WORK     DONE. 

A  few  instances  of  work  done  on  various  mines  during 
the  period  of  development  were  given.  The  first  ex- 
periments, made  in  1899,  were  in  Alaska,  on  Graving 
island,  where  a  lode  outcropping,  showing  copper,  was 
found  between  high  and  low  tide.  Lodes  here  bore 
N.E.  and  S.W.,  and  as  croppings  oi  similar  ore  wen- 
found  over  a  distance  of  3,000  ft.  in  this  direction 
every  mining  and  geological  indication  pointed  to  this 
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as  being  the  lode.  Waves  earthed  to  the  lode  in  the 
tide  water  were  persistently  carried  up  the  hillside,  and 
in  a  direction  different  from  that  of  the  supposed  strike 
of  the  lode,  and  diverging  from  the  direction  of  the 
general  trend  of  ore  bodies  in  the  neighbourhood.  The 
waves  travelled  up  the  hill  as  stated,  irrespective  of 
the  direction  in  which  they  were  thrown  out.  However, 
in  face  of  the  geological  indications,  and  the  limited 
experience  obtained  up  to  the  time,  I  did  not  feel 
warranted  in  doing  expensive  development  work  along 
the  line  indicated  by  the  waves.  After  a  considerable 
sum  of  money  had  been  expended  in  other  directions, 
it  was  found  (as  indicated  by  the  electrical  ore  finder) 
that  the  croppings  had  nothing  to  do  with  the  lode,  and 
subsequent  work  proved  the  lode  to  run  abnormally 
and  up  the  hill  where  the  field  was  so  intense. 

On  Prince  of  Wales's  Island  a  small  but  rich  lode  of 
galena  was  exposed  on  the  beach.  Many  prospectors 
had  sunk  pits  on  the  hillside  in  attempts  to  find  the 
lode,  but  without  success.  I  attached  one  electrode  to 
the  lead  and  easilv  traced  it — it  being  highly  conductive 
— to  a  point  190  ft.  from  where  the  pits  had  been 
sunk,  and  after  a  few  days'  work  uncovered  a  lode 
2  ft.  wide,  with  good  lead  ore  in  it. 

At  Cwmvstwyth,  in  North  Wales,  indications  of  a 
conducting  shute  were  observed  over  a  lode  which  had 
apparently  been  worked-out  to  that  point.  The  fore- 
breasts  of  the  lode  showed  no  lead,  and  were  not  being 
worked.  The  level  was  continued,  and  lead  found 
after  driving  about  18  ft.,  and  at  a  point  indicated 
by  the  waves. 

At  Alston  Moor,  Cumberland,  several  lodes  were 
indicated,  and  accompanying  variations  showed  the 
presence  of  lead.  Only  one  of  these  has  been  developed, 
and   two  lodes  side  by  side  exposed. 

On  Cleator  Moor,  hematite  in  irregular  deposits 
was  successfully  worked  on. 

These  are  some  of  the  instances  of  work  in  Great 
Britain.  Tests  have  been  carried  out  in  Western 
Australia  within  the  last  few  months.  On  one  mine  a 
parallel  lode  was  indicated,  the  existence  of  which  was 
not  even  suspected  by  the  management,  and  a  cross-cut 
put  in  discovered  a  lode  25  ft.  wide.  On  another 
well-known  property,  indications  of  three  parallel  lodes 
were  found  with  marked  and  distinct  variations.  A 
shaft  was  put  down  on  the  central  electrical  variation, 
and  a  quartz  lode  found.  A  diamond  drill  bore, 
put  in,  I  believe,  horizontally,  found  the  other  two 
lodes. 

Operations  with  the  ore  finder  were  started  in  the 
immediate  neighbourhood  of  Smeinogorsk,  and  indica- 
tions of  mineral  were  found  in  five  different  places. 
Prospecting  work  soon  proved  the  presence  of  copper 
at  one  of  these  spots,  and  in  the  opinion  of  Dr.  Gregor 
Mayer,  the  eminent  Russian  geologist,  and  Mr.  E.  E. 
Kiss-Schlesinger,  the  Administrator  of  the  Chartered 
Company,  copper  existed  at  three  of  the  other  spots 
indicated  by  the  ore  finder.  The  operators  were, 
however,  informed  that  their  immediate  work  was  not 
the  detection  of  copper  deposits,  but  to  ascertain  if 
auriferous  formations  existed  in  the  district.  The  district 
was  further  explored  by  the  operators,  who  eventually 
selected  a  spot  where  the  ore  finder  recorded  the 
existence  of  promising  metalliferous  formation,  though 
there  were  no  surface  indications  that  confirmed  this. 
Boring  operations  were  subsequently  commenced,  and  the 
drill,  after  passing  through  30  ft.  of  subsoil  and  50  ft. 
of  chloride  schist,  entered  the  formation  indicated 
by  the  electrical  ore  finder  operators.  It  proved 
to  be  a  gold-bearing  strata  of  considerable  promise. 


Details  were  also  given  of  work  in  Siberia.  The 
author,  in  conclusion,  claimed  that  the  electrical  ore 
finding  svstem  can  not  only  trace  up  lodes,  but  can 
discover  and  locate  unknown  lodes  and  deposits  ;  tell 
the  approximate  depth  thereof,  and  pick  out  the 
most  metalliferous  portion  of  the  lode. 

Dr.  S.  P.  Thompson  then  discussed  the  apparatus 
from  a  scientific  point  of  view,  and  described  the  results 
which  he  had  obtained  with  it  in  Wales.  He  said  it 
was  a  satisfaction  to  him  that  the  inventors  have  not 
claimed  for  their  apparatus  that  it  would  find  every 
kind  of  ore  or  pick  out  everv  sort  of  metal.  One  would 
have  instinctively  put  down  their  invention  as  another 
of  those  psychological  apparatuses  like  the  divining 
rod  and  other  bygone  toys.  Describing  the  process 
as  a  simple  and  practical  method,  he  showed 
how  the  series  of  short  sharp  impulses  given  by  the 
transmitter,  and  transmitted  through  base-lines  into 
the  earth  through  a  pair  of  metal  rods  planted  in  the 
ground  found  their  way  round  to  the  telephone  receivers 
connected  with  the  second  pair  of  exploring  rods.  In 
exploring  the  field  with  the  latter,  if  the  sound  became 
louder,  thev  made  one  inference,  if  it  became  fainter 
they  drew  another,  and  it  was  possible  to  indicate  with 
considerable  precision  the  direction  of  the  lode.  He 
admitted  having  been  very  sceptical  when  asked  to  go 
down  to  see  the  apparatus  at  work  in  Wales.  How- 
ever, he  went  to  the  place  described  by  Mr.  Williams, 
and  they  explored  a  very  difficult  and  broken  .hillside. 
There  was  a  deep  V-shaped  gully  running  up  the  hill. 
Both  banks  of  this  gully  had  been  worked  at  different 
times  and  by  different  methods.  On  one  hillside  they 
planted  this  transmitting  apparatus,  which  gave  off 
the  interrupted  electric  current.  Lines  were  run  out 
to  about  130  ft.  in  each  direction  and  the  rods  put  in 
the  ground  at  two  different  places.  They  wished  to  make 
sure  of  having  a  good  deep  ccntact,  and  therefore 
had  a  base  line  of  240  ft.  in  length.  Going  to  a 
distance  somewhat  over  a  quarter  ot  a  mile  across  this 
gully,  thev  explored  backwards  and  forwards  in  places 
where  the  lode  was  supposed  to  have  crossed,  putting 
in  the  exploring  rods  and  listening  in  this 
telephone  to  a  light  noise  like  the  faint  tapping 
oi  a  woodpecker  against  a  tree.  They  presently  found 
one  place  where  sound  reached  a  minimum,  and  there- 
fore" came  to  the  conclusion  that  they  were  standing 
above  the  conducting  lode,  the  transmitting  apparatus 
being  across  the  other  end.  Professor  Thompson  then 
verified  a  number  of  points  of  view  which  occurred  to 
him,  and  finally  came  away  fully  convinced  that  in 
countries  where'  metalliferous  veins  such  as  galena  or 
copper  glance  ore  is  to  be  found,  this  method  of  ex- 
ploration was  a  verv  useful  one.  He  could  not  say 
from  experience  whether  it  would  be  of  equal  use  in 
gold  mining,  but  it  could  be  used  for  a  large  number  of 
metalliferous  ores  when  known  to  have  good  con- 
ducting properties,  and  also  for  exploring  non- 
conducting reefs  such  as  quartz.  It  was  a  scientific 
method  of  exploring  them  underground,  and 
would  be  of  enormous  use  in  saving  the  trial  holes 
which  people  put  down.  No  hard  work  was  involved 
in  its  use,  and  he  ventured  to  believe  that  the 
apparatus  Was  destined  to  perform  very  good  service 
in  useful  fields. 

Mr.  Fawcus  having  also  given  an  account  of  his 
experiences  with  the  use  of  the  apparatus,  experiments 
were  carried  out  in  a  miniature  field  contained  in  a 
tank,  and  were  watched  with  much  interest.  The 
audience  included  several  ladies. 


2    A 


O  C 

o  *— 

5  3 

.,  o  , 


W     r»> 

T3 


> 
< 

I— H 

< 

do- 


na 
B 
F 

ft! 

O 

p- 

m 
> 

H 

O 

o 

u 
O 

w 
o 
z 

w 
c/o 

< 

o 
w 

Oh 
P 
O 

U 

ft? 
D 
O 


bO    bjO--*  l-i  fcj 

G     G  cd  cd 

o    o    <u  G  G 

^  •-l    fa  o1  cr 

G  on  t« 


•a  .g 

ON    tJ- 


00    J 

r,^°°   ° 
g  H  I? 


t-^r* 


ffl 

O 

X! 

CI3 

o 

o 

rd 

H 

«■§    Sol 

<"   °   fa 

jj    o    ™ 

^    ^^ 
"7         <u 

•5  ^   G 

M    ±{     O     «S 

°      ^^    | 

a)  *r?  g 
t!   ft* 


d)     <-•-<        03        0)        C/3     rn 

C    O    03  ,G  ■'-    C 


o 


Cd 

03  _d 

•a- 


G   ."fa     bjO 

o   £   g   >> 


4= 


<d  <g 

4)    ^ 


0 

H 


^   fa 


<"    cr 


H 


9) 


bo 


3       ^       Cd       ^ 

tn    cr1  4>    cr 

3  <"  K  " 


5 

cd 

G 

o    , 

72  g  ®  2 

c    o    >    ^ 

O     o     cd 

h-1  rG  ^ 

G 

"5    _g      G    TJ 

,S  -£J  "55  .-S 
o  2    3 


g   °  ^  -d   o>   «2 


"35 
13    <■> 


^     en 


"      rG 

-M  rG 

S-i 


s 

>   ° 


—, 


d 


rS        3       fa 


5   S  ^   H 


0J 

.S  m 

bo  !±^ 
PI  o 
V 


d  rj      CI 

g   ^  ^   ^ 

^5  oj   o 

5  vo  -5  _„, 


fa  "i  oJ2 


s  s  °  '« 

^  ■-  rf  fa 


3     <M 


rt 


g  S's:  ^-- 


^d    «  -"fa  p! 

pi  >>  >  .9 

I)     H     (D  V 
-*-•     fa     *-! 

TO      f      , 

6  6 
o 

<u  >^  •- 

^3    oj    *)  ■*-■ 

ffi  r3    PI  fi 

H     d     ni  O 

Ph    <fa  vfa 


•/■. 


O     cfl     ° 


H) 


P!     >  -t-1 

3  .S 


43 

-a    . 

CtJ  p- 

P!     rt 


a, 

o 

M    o 


a. fa 

4)      4) 


bjO  ° 
bo  O     m     o     ^ 


!P    O 
O 


T3   ,Q    fO   Pu: 


c«3 


t3     G  ' 

4>     O  . 

Ad  fl 

^   o  |S 

■S    a,  « 

rri      rG  f^i 


03     HO  T3     41 

O     « 
0 


w    G 

O     rt 

p>      rG 


rt 


<u    o 


CD     4) 


p^  'S 

°6 


0)      4>    r^1--'    ^ 


(/) 


faT-S  -g 
&  43  « 

•G     t-i   H 
"fa    ^  rG 

O     G   ^ 
O     0) 


>^  G 


.G     O 


s 


"   J1 

0)    en    bo 
rG     rt     fa 

rG        CO     (J 

rl  ^^ 

rG        43        >, 


J3    d    a 

.S  « 

X!     G 


13 


c 

o  . 

G  C 

fa  41 

O  03 

r-4  rQ 

G  ^ 

^  rrt 

03  Co 

>  rG 


43       X 

G     O 

I"  I 

03  qn 

03 

H  -5 

03     G 

§>'*§ 

■C     W3 
_G 

rQ 


o    ^o 


03    bo 

rG         G 


^  p 

^  43 

£  o 

,_  03 

.5  o 

2  '^ 

03  TS 

G 


r2          ^-f          ^  ^  tr 

73  oj  -S   a  9  g 

'G   ^  >  aj 

P^      ^      <U      fa  03 

«»         S      rG          ^  >  G 

-    GhH   -G  rt  •- 

G  >  on 


x 


r^.      rO        Oj 


.2  'o 


G    en     > 
u  ^  fal 

""      nil     Co 

^     "fa     "£ 

rG        03 

O    bo> 

-rJ     •—     J5 
43     T 


X 


rr-J       V- 

G     ° 

s 
a 


r^ 

^  03 
T3  > 
03    ••-< 

C  O 
.SP  G 
tn     g 

03      O 

r-        O 

tn  ^^ 

cd  v_ 

rG         O 

«   S8 

03       Co 

.S  "" 

'So  ^ 
G  flj 
W     G 


bO  w 
G     en 

G  'rG 
G  ^ 
G  *G 


03 
43 

rG       ^ 
rG         P 

■!•« 

rG         03 


P  ,  r,        CTJ 


en     03 

•S  .a 

cd  '5b 

43    c 

03 
en     4) 

tn     > 

03    •- 
^    Clrf 
CU^ 
X 
41 

>,£ 
>     en 

rt     43 
03    X 

43      cd 

rG      5< 


'—  G 

^  O 

'S  60 

O  G 

^  ra 

03  cd 

rG  H 


zi- 

3 


Cj       rQ 

C  £ 

o   x 

cd 

.2  7d 

1"1      rG 
r-      T3 

cd    cd 

O        r- 

2  cd 

O        r- 

'bb'> 
G    ^ 

<"  -d 

03  03 

■5  S 

^   <G 


Gh   c 
cd 

4)  ,G  S"    G 

Td  -*-•  i; 

"35     en  C    ^5 

03  43      M 


G  •—     O 
03     &0 


G  vc 
bo 

G  4> 

d  fa 

+-»  Cd 

o 

03  en 


45   c   cd 

•G     G   .G 

6  8  •- 


r^     G0 


G  ^ 
r=    ^  -G 


O    8    £ 

*-■     G  TD 

">     JZ       03 

cd^    £• 


bo  8 

r    G 


03     cd   eG     it    T 
G     Gh    - 


-  03 

.5  rG 

o  ■<-» 

X  JL3 

o  3 

o  o 

cd  V 


bo  G 
G     <" 


bC   v-   ,G 
O     43 
-O 


Co     t_ 


I)      1/1      / 

S   2   S 


o 

G  tj 

03  .fa 

03  03 


rG  ^ 


6  P»-d 


- 


.2    o    >^       "*- 

-G    -G 
- 


en     cd   H     43 


4> 

^'  -s  > 

3x  «»  >> 

2^  4>  o 

*  i—. 

03  r*~l 

5T  5b  ^3    cd  rC  -c 


Op  ^ 
.5 

t/5        V-      rS 

C30    43     £ 
^03      O      03 


(JO) 


Four=Coupled  Passenger   Locomotive. 


The  following  are  some  of  the  principal 
dimensions  of  the  engine  : — 

Cylinders. — Diameter,  19  in.  ;  stroke  of  *piston* 
26  in.  ;  length  of  ports,  1  ft.  3  in.  ;  width  of  steam 
ports,  2  in.  ;  width  of  exhaust  ports,  \\  in.  ;  distance 
apart  of  cylinders,  centre  to  centre,  1  ft.  10  in.  ;  maxi- 
mum travel  of  valve,  5  in.  ;  lead  of  valve,  fV  in.  ; 
lap  of  valve,  iT^in.  ;  valve  gear,  Joy's;  diameter  of 
piston  rod,  i\  in. ;  length  of  connecting  rods  between 
centres,  7  ft. 

Boiler  (Steel). — Length  of  barrel,  1 1  ft.  g\  in.  ; 
largest  diameter  outside,  5  ft.  2  in.  ;  least  diameter 
outside,  4  ft.  1  \\  in.  ;  thickness  of  plates,  f  in.  ;  thick- 
ness of  smokebox  tube  plate  (steel),  \  in.  ;  working 
pressure,    175  lb.  per  square  inch. 

Firebox  (Steel). — Length  outside,  7  ft.  4  in.  ;  width 
outside,  4  ft.  1  in.  ;  depth  below  centre  of  boiler, 
6  ft.  3  in.  ;  thickness  of  plates,  \  in.  ;  distance  of 
copper  stays  apart,  4  in.  ;  diameter  of  copper  stays, 
1 11,;  in.   and   i£  in. 

Inside  Firebox  (Copper). — Length  at  bottom 
(inside),  6  ft.  y\  in.;  width  at  bottom  (inside), 
3  ft.  4J  in.  ;  from  centre  of  boiler  to  top  of  firebox 
(front  end),  1  ft.  z\  in.  ;  from  centre  of  boiler  to  top  of 
firebox  (back  end"),  1  ft.  \\  in.  ;  thickness  of  plates, 
i'.  in.  ;    thickness  of  tube  plate  (copper),   1  in. 

Tubes. — Number  of  tubes,  309  ;  length  between 
tube  plates,  12  ft.  2\  in.  ;  diameter  of  tubes  (outside), 
1  :  in.  ;  diameter  of  exhaust  pipe  nozzle,  ;£  in.  ;  height 
of  chimney  from  rail,  13  ft.  4|  in.  ;  height  of  centre 
of  boiler  from  rail,   8  ft.   5  in. 

Wheels. — Diameter  of  driving  and  coupled  wheels, 
6  ft.  9  in.  ;  diameter  of  truck  wheels,  3  ft.  9  in.  ;  thick- 
ness of  tyres  on  tread,  3  in.  ;  distance  between  centre 
of  truck  and^centre  of  driving  wheels,   12  ft.  ;    centre 


of  truck  wheels,  6  ft.  3  in.  ;  centre  of  driving  to  centre 
of  trailing  wheels,  10  ft.  ;  total  wheel  base  of  engine, 
2z,  ft.  1^  in.  ;    total  of  engine  and  tender,  47  ft.  2J  in. 

Axles,  Truck. — Diameter  of  bearings,  6\  in.  , 
length  of  bearings,  10  in.  ;  diameter  of  axle  at  centre , 
6  in.  ;   distance  between  centres  of  bearings,  3  ft.  8i  in. 

Axles,  Driving. — -Diameter  of  bearings,  8  in.  ; 
length  of  bearings,  9  in.  ;  distance  between  centres 
of  bearings,  3  ft.  10  in.  ;  diameter  of  bearing  at  centre 
of  axle,  j\  in.  ;  length  of  bearing  at  centre  of  axle, 
5^  in.  ;  diameter  of  connecting  rod  bearing,  8  in.  ; 
length  of  connecting  rod  bearing,   5^  in. 

Axles,  Trailing. — Diameter  of  bearings,  ~\  in.  ; 
length  of  bearings,  1  ft.  i-J-in.  ;  distance  between 
centres  of  bearings,   3  ft.   5+  in. 

Frames  (Steel). — Distance  between  frames,  4  ft.  ; 
thickness  of  frames,    1  in. 

Weight  of  Engine  in  Working  Order. — On  truck 
wheels,  21  tons  15  cwt.  ;  on  driving  wheels,  19  tons  ; 
on  trailing  wheels,   19  tons  ;    total,  59  tons  15  cwt. 

Weight  of  Tender  in  Working  Order. — On  front 
wheels,  12  tons  ;  on  middle  wheels,  12  tons  5  cwt.; 
on  trailing  wheels,  12  tons  15  cwt.  ;    total,  37  tons. 

Total  Weight  of  Engine  and  Tender  in  Work- 
ing Order. — 96  tons    15  cwt. 

Tender  Wheel  Base. — Centre  of  front  wheel  to 
middle  wheel,  6  ft.  9  in.  ;  centre  of  middle  to  trailing 
wheel,  6  ft.  9  in.  ;    total  wheel  base,  13  ft.  6  in. 

Wheels. — Diameter  of  wheels  on  tread,  3  ft.  9  in.  ; 
thickness  of  tvres,   3  in. 

Axles. — Diameter  of  bearings,  5  in.  ;  length  of  bear- 
ings, 10  in.  ;  centre  to  centre  of  bearings,  6  ft.  6  in.  ; 
capacity  of  tank,  3,000  gallons  ;  capacity  for  coal, 
6  tons. 

Total  Length  of  Engine  and  Tender  over 
Buffers. — 56  ft.  i\  in. 


FRONT   AND    REAR-VIE. VS   OF   THE    "PRECURSOR." 
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H.M.S.    TRAINING   SHIP,    "  BELLEROPHON." 


INDUS   I.,  II.,   AND    III 


HE  Admiralty  shows  every- 
where a  disposition  to  begin 
at  the  beginning  with  its 
personnel.  It  is  realised 
that  in  order  to  inculcate 
those  qualities  which  make 
our  "  handyman  "  a  model 
for  the  world's  navies,  training  and  discipline 
must  not  only  be  thorough,  but  must  also 
begin  early.  The  latest  outcome  of  this 
policy  is  seen  in  the  determination  of  the 
Admiralty  to  enter  boys  and  train  them  for  the 
rating  of  engine-room  artificers.  H.M.S.  Belle- 
rop~h.cn  has  been  fitted  out  for  the  reception  of 
200  boys,  who,  after  passing  through  the 
training  ship,  will  be  drafted  on  to  the  various 
men-of-war,  forming  nucleus  crews  of  highly 
trained  men.  In  this  way  many  repairs  will 
be  effected  afloat  which  at  present  necessitate 
a  period  in  dock. 

A  familiar  sight  at  Devonport  in  future 
will  be  the  three  floating  workshops,  Bellerophon, 
Ti'mcraire,  and  Indus,  moored  together,  and 
known  henceforth  as  Indus  I.,  II.,  and  ///. 

ALTERATIONS    TO    THE    "BELLEROPHON." 

The  extensive  alterations  to  the  Bellerophon 
have  been  carried  out  under  Captain  Haddy 
and  his  overseers  (Messrs.  Blatchford  and  Ball  , 


by  Palmer's  Shipbuilding  and  Iron  Co.,  Ltd., 
of  Jarrow-on-Tyne,  to  whom  we  are  indebted 
for  the  accompanying  photograph  of  the  ship. 

It  will  be  seen  that  the  huge  conning  tower, 
which  was  a  conspicuous  feature  of  the  vessel, 
has  given  place  to  a  roofed-in  deck,  forming  a 
spacious  workshop,  which  has  been  completely 
fitted  with  machine  tools,  chiefly  by  Messrs. 
James  Archdale  and  Co.,  Ltd.,  of  Birmingham, 
but  also  by  Messrs.  Armstrong,  Whitworth 
and  Co.,  Chas.  Churchill  and  Co.,  Reed  and 
Foggin,  Robinson  and  Sons,  and  Smith  and 
Coventry.  Messrs.  James  Archdale  and  Co., 
Ltd.,  supplied  no  less  than  nineteen  separate 
machine  tools. 

Messrs.  Alldays  and  Onions  have  provided 
sixteen  smith's  forges  and  five  coppersmith's 
forges  with  motor-driven  fan  blasts,  and  a 
large  power  hammer  electrically  driven  has 
been  erected  by  Peter  Pilkington,  Ltd.,  of 
Bamber    Bridge,  Preston. 

A  vast  amount  of  work  has  been  involved 
in  fitting  up  and  furnishing  the  classrooms, 
gymnasium,  drawing  office,  mess  room,  berthing 
accommodation,  baths,  etc.,  necessary  for  so 
large  an  establishment,  and  we  are  pleased  to 
be  able  to  record  that  the  whole  of  this  work 
has  been  very  smartly  and  efficiently  carried 
out. 
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OX   BOARD    H.M.S.   "  BELLEROPHOX  " — THE    MACHINERY   DECK. 
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ANOTHER   VIEW   OF   THE   CCVERED-IN   DECK   OF   THE    "  BELLEROPHON. 


Some  of  the 
Machinery 
employed  on  the 
"  Bellerophon  " 
and 
"Temeraire." 


A    MOTOR-DRIVEN    FAN   FOR   THE   "BELLEROPHON.'' 
By  Messrs.  Alldays  and  Onions,  of  Birmingham. 


BTEAli    DYNAMO   FOR   H.M.S.   '  TEMERAIRE." 

Engines  by  Mr.  Peter  Brotherhood  ;  dynamo  by  the  Thames  ironworks  Shipbuilding  and 

Engineering  Company,  Ltd. 
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Indus  I.,  II.,  and  III. 


NEW   TYPE    RADIAL   DRILLING    MACHINE. 
By  Messrs.  James  Archdale  and  Co.,  Ltd.,  of  Birmingham. 

THE    "TEMERAIRE." 

The  Tetru'raire  has  also  undergone  very 
extensive  alterations,  including  the  pro- 
vision of  carpenters',  electricians'  and 
armourers'  workshops,  stores,  etc.  Here, 
also,  is  the  generating  station,  which  will 
furnish  the  three  ships  with  current  for 
both  lighting  and  power. 

The  removal  of  the  six  after  boilers 
and  engines  of    the  TCmcraire — a  work   of  i 

considerable  difficulty,  owing  to  their 
very  thorough  construction — had  to  be 
undertaken,  and  two  complete  decks  have 
been  built  into  the  spaces  thus  left  vacant. 

ELECTRIC    POWER. 

The  two  dynamos,  each  of  ioo  kilowatts 
capacity,  on  board  the  Tutn'raire  were 
provided  by  the  Thames  Iron  Works 
Shipbuilding  and  Engineering  Companv. 
Ltd.  The  engines  have  been  specially 
designed  for  the  purpose  by  Mr.  Peter 
Brotherhood,  and  develop  about  145  h.p. 
each,  at  450  revolutions  per  minute. 

It    is    worth     noting    that    the    engines 


were  des  gned,  built,  and  delivered  at 
Jarrow,  within  eight  weeks  of  the  receipt 
of  the  order. 

The  power  hammer,  by  Peter  Pilkington, 
Ltd..  has  a  12  in.  stroke,  for  dealing  effec- 
tively with  3-in.  bars,  and  is  fitted  with 
their  latest  controlling  gear,  which  enables 
the  smith  to  use  the  hammer  as  a  vice  for 
1  ending  and  other  purposes.  The  hammer, 
as  seen  in  the  illustration  below,  is  self- 
contained,  this  design  having  proved  very 
suitable  for  placing  aboaid  ship,  avoiding 
as  it  does  the  necessity  for  a  loose  anvil 
block  and  its  attendant  complicated  foun- 
dations. This  class  of  hammer  was  first 
accepted  by  the  Admiralty  for  H.M.S.  Assist- 
ance, and  has  since  been  adopted  by  various 
Governments  for  similar  purposes. 

COMMUNICATION    AND    TRANSPORT. 

A  narrow  platform,  about  70  ft.  in 
length,  has  been  constructed  alongside 
the  Tcmcraire,  in  order  to  facilitate  the 
handling  of  stores. 

It  has  been  arranged  to  connect  the  ships 
by  means  of  two  lattice  girder  bridges,  each 
of  about  50  ft.  span. 


POWER    HAMMER  FOR  H.M.S.  "  BELLEROPHON." 
By  Peter  Pilkington,  Ltd.,  of  Bamber  Bridge,  Preston. 


C.    MACDOXALD. 

Attention  is  here  called  to  a  question  which  is  coming  more  and  more  to  the  front!  The 
writer  shows  what  has  been  done  in  other  countries  in  the  direction  of  electrical  haulage,  and 
describes  in  detail  the  Thwaite-Cawley  system  as  experimented  with  in  the  North  of  England. 
The  resuscitation  of  our  canals  is  a  question  hedged  about  with  difficulties,  but  at  the  present 
time   there  are  some  indications  that  these  are  likely  to  be  oVercome. — Ed. 


WE  have  in  Great  Britain  to-day  some  3,520  miles 
of  internal  waterways.  Of  these  415  miles 
have  been  allowed  to  become  obsolete,  or  have  been 
converted  into  railways,  while  the  canals  which  are 
in  actual  working  order  cannot  be  said  in  any  degree 
to  fulfil  the  functions  which  were  contemplated  by  their 
projectors.  The  great  boom  in  canals  during  the  first  half 
of  the  eighteenth  century  was  succeeded  by  railway  loco- 
motion before  it  had  time  to  establish  a  firm  footing, 
and  the  steady  growth  of  railway  enterprise  has  been 
coincident  with  the  gradual  extinction  of  the  canal. 

At  the  present  time  the  various  systems  are  hampered 
by  the  claims  of  divided  ownership.  The  railway 
companies  have  bought  up  some  1,264  miles  of  canal 
or  a  third  of  the  total,  and  the  whole  tendency 
has  been  inimical  to  the  establishment  of  through 
rates.  Nor  are  these  the  only  disadvantages  under 
which  our  canals  at  present  labour.  An  effete  system 
of  horse  towage  is  largely  employed,  and  there  is  a 
lack  of  uniformity  in  gauge,  more  especially  as  affecting 
locks  and  headways  under  bridges. 

FUTURE     OF     ENGLISH     CANALS. 

Despite  these  disadvantages  and  the  present  mori- 
bund condition  of  English  barge  canals,  we  have  in 
these  internal  waterways  something  more  than  a 
memorial  to  such  names  as  Brindley  and  Telford, 
Smeaton  and  Kennie.  When  cheap  transport  means 
so  much  to  the  British  manufacturer,  it  is  impossible 
to  suppose  that  so  valuable  an  asset  can  be  allowed 
to  remain  fallow.  At  the  present  time  Sir  J.  Brunner 
18  introducing  a  Bill  into  Parliament  in  order  to  enable 
municipalities   to   work   disused    canals,    and    there   can 

be  little  doubt  but  that  Government  intervention  will 

sooner  or  later  rescue  the  English  canal  systems  limn 
their  present  precarious  condition.  It  will  not  be  out 
of_place,   therefore,   to  considei    Borne  of  the  means 


which  have  beenx proposed  to  improve  the  methods  of 
haulage  employed  on  canals,  for  there  can  be  little 
doubt  that  improved  administration  and  mechanical 
means  will  go  hand  in  hand  in  any  satisfactory  solution 
of  the  problem. 

STEAM      HAULAGE. 

Experiments  in  the  improvement  of  canal  haulage 
have  been  in  progress  for  a  numbei  of  years,  and  in 
a  few  cases  steam  haulage  has  been  successfully  applied, 
more  particularly  in  the  case  of  the  Aire  and  Calder 
Navigation,  where  it  was  found  practical  and  econo- 
mical to  draw  a  train  of  coal  barges,  each  of  40  tons 
capacity,  by  means  of  a  steam  tug.  The  cost,  as 
stated  before  the  Select  Committee  on  Canals  in  1883, 
was  o-oo87d.  per  ton  per  mile.  The  average  cost  of 
horse  haulage  works  out  at  o-33d.  per  ton  per  mile.* 

The  wash  caused  by  the  propellers  is,  however,  in 
most  cases  an  insuperable  bar  to  the  use  of  steam, 
owing  to  the  damage  done  to  the  banks,  and  another 
difficulty  is  found  in  the  weeds  which  are  steadily 
choking  up  many  of  the  canals.  Chain  and  wire  rope 
systems,  as  used  on  the  Continent,  have  also  been 
experimented  with,  but  have  not  proved  adaptable  to 
local  conditions,  and  to  some  extent  o'l  and  gas  engines 
have  also  been  tried. 

ELECTRIC     HAULAGE. 

This  brings  us  to  the  question  of  electric  towage, 
which  seems  to  provide  the  wherewithal  for  the  future 
development  of  our  canals.  At  any  rate,  it  is  safe  to 
aver  that  if  our  canals  are  to  be  resuscitated,  electricity 
will  play  no  small  part  in  the  matter. 

*  For  these  facts  and  figures  the  author  is  indebted  to 
Mr.    H.    Gordon   Thompson's    handy    treatise   on    *'  The 

Canal  System  of  England." 
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Our   Canals. 


The  Germans  were  early  in  this  field,  and  as  a  result 
of  careful  experiments  on  the  Teltow  Canal  near 
Berlin,  it  has  been  found  that  electric  locomotives,  as 
shown  in  the  accompanving  illustrations,  are  more 
efficient  than  electric  tug  boats,  and  require  less  current 
to  do  the  same  amount  of  work.  In  the  case  of  the 
Teltow  Canal  the  crossing  difficulty  is  avoided  owing  to 
the  fact  that  both  sides  are  equipped  for  electric  motors. 
The  tow-rope  can  be  shortened  or  lengthened  from 
the  car  by  means  of  an  electrically-driven  winch. 
Further  reference  to  these  experiments  is  made  at  the 
close  of  this  article. 

English  engineers  have  not  had  the  same  amount  of 
encouragement,  but  nevertheless  a  good  deal  of  atten- 
tion has  been  given  to  the  matter,  and  I  have  before 
me  a  most  interesting  specification,  dated  1894,  of  the 
Thwaite-Cawley  System  of  Electric  Canal  Haulage. 
This  is  also  illustrated  in  the  accompanving  pages  by 
the  courtesy  of  Mr.  B.  H.  Thwaite. 

THE     THWAITE-CAWLEY     SYSTEM. 

Under  this  system  metallic  standards  or  posts  of  wood 
are  erected  along  the  side  of  the  canal  or  waterway, 
and  to  these  standards  or  posts  are  affixed,  one  above 
the  other,  at  convenient  heights,  two  metallic  beams 
or  rails  of  double  angle  or  other  suitable  section.  These 
beams  or  rails  are  metallically  connected  together,  end 
to  end,  and  made  practically  continuous  along  the 
whole  length  of  the  haulage  system.  The  upper  beam 
or  rail  is  so  arranged  as  to  carry  upon  it  an  electric 
locomotive  suitable  for  hauling  a  vessel,  carriage,  or 
other  vehicle  along  the  waterway  or  canal  haulage 
track,  generally  in  one  direction,  and  the  lower  beam 
is  similarly  arranged  and  adapted  for  carrying  a  like 
locomotive  for  hauling  in  the  opposite  direction.  In 
order  to  prevent  slipping  of  the  locomotive  wheels 
during  the  time  of  hauling,  a  suitable  rack  is  affixed  to 


each  beam  or  rail,  into  which  gears  an  equally  pitched 
pinion  or  pinions  driven  by  an  electric  motor,  carried 
on  the  locomotive.  In  some  cases  grip  pulleys,  pressed 
together  by  a  suitable  spring  or  springs,  may  be  used 
instead   of  the  rack  and  pinions. 

The  electric  energy  is  generated  at  stations,  suitably 
distanced  along  the  haulage  route,  and  conveyed  to 
supply  the  electric  motors  by  suitable  conductors, 
carried  either  in,  upon,  under,  above,  or  alongside  the 
beams  or  rails  which  carry  the  electric  locomotive.  The 
electric  energy  can  be  regulated  or  switched  off  entirely 
from  the  electric  motors  by  a  suitable  switch  or  by  a 
lifting  contact  slide,  either  of  which  can  be  actuated 
from  the  vessel  or  carriage  by  a  rod  or  rope  or  electric 
connection.  The  electric  locomotive  may  be  connected 
with  the  vessel  or  carriage  by  a  hawser  or  tow  fine 
fitted  with  one  or  more  helical  springs  or  other  elastic 
connections  provided  for  the  purpose  of  reducing  the 
stress  on  the  tow-line  when  the  speed  of  the  vessel 
or  carriage  is  being  accelerated,  or  the  tow-fine  may 
be  wound  round  a  spring-barrelled  capstan  fitted  on 
the  vessel  or  carriage  or  on  the  electric  haulage  motor 
This  capstan  would  unwind  when  undue  stress  comes 
upon  the  tow-line,  and  rewind  in  proportion  as  the 
stress  becomes  normal. 

SUMMARY     OF     ADVANTAGES. 

The  advantages  of  this  system  are  thus  summarised. 

Bv  the  employment  of  the  novel  arrangement  of  two 
levels  of  rails,  one  motor  can  pass  the  other  in  a  con- 
trary direction  without  involving  an  entanglement  of 
the  haulage  hawser  or  other  connection. 

By  the  use  of  two  beams  or  rails  placed  above  each 
other  and  carried  on  supports  or  standards,  there^is 
consequently  very  little  of  the  ordinary  towing-path 
appropriated  by  the  system.     This  enables  the  system. 


MOTOR   OX   THE   TELTOW  CANAL, 
Showing  trolleys  and  tow-rope  in  position. 
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to  be  applied  to  any    canal    and  towing-path  without 
interfering  with   ordinary   horse   haulage. 

The  system  renders  it  possible  to  imitate  very  nearly 
all  the  conditions  of  the  existing  horse  haulage,  the 
traction  beams  or  rails  being  of  such  a  character  as  to 
permit  of  its  being  continued  along  the  tunnels  and 
under  bridges  where  the  towing-path  space  is  limited. 

The  novel  method  adopted  of  using  a  very  light 
electric  haulage  motor,  having  a  rack  and  pinion 
arrangement  or  a  grip  or  pressure  contact  of  driving, 
permits  the  invention  to  be  used  with  highly 
economic  advantages.  On  one  hand,  a  heaw  loco- 
motive is  avoided  and  its  necessary  disadvantages,  and 
on  the  other  hand  are  the  advantages  over  screw 
propulsion  in  water  with  its  high  rate  of  loss  due  to 
slip. 

Another  advantage  that  follows  the  employment  of 
the  invention  is  the  fact  that,  by  the  employment  of 
the  coil  spring,  capstan,  or  other  elastic  arrangement, 
the  pull  on  the  motor  is  always  applied  graduallv, 
whether  such  strain  has  an  accidental  or  intentional 
origin.  Further,  the  fact  that  the  torque  effort  of 
the  electric  haulage  driving  pinion  is  limited  within 
narrow  limits  also  prevents  a  seriously  sudden  pulling 
strain  on  the  haulage  rope. 

The  arrangement  of  rack  or  pinion  or  grip  or  pressure 
adhesion,  either  with  contact  surface  on  the  vertical 
or  underside  of  the  rail,  prevents  dirt  from  interfering 
or  clogging  the  teeth  of  the  track  gearing,  or  obstructing 
the  electric  current.  The  method  by  which  the  con- 
ductor is  arranged  is  such  as  to  prevent  anv  accidental 
and  dangerous  contact  to  animal  life,  and  is  not  affected 
by  the  weather. 

Stiil  another  advantage  of  the  system  follows  from 
the  method  by  which  the  man  on  board  the  vessel  or 
carriage  can  stop  the  motor  or  start  it,  and  if  necessarv 


drop  the  haulage  rope  or  hawser  to  the  ground  from 
its  attachment  to  the  electric  haulage  motor,  so  that 
full  control  of  the  system  is  possible  from  the  vessel 
or  carriage. 

The  provision  of  more  than  one  power  generating 
station  along  the  route  enables  the  loss  of  electric 
energy  due  to  resistance  to  be  reduced ;  it  also  has  the 
advantage  that  follows  the  subdivision  of  power  pro- 
duction, and  an  accident  at  one  of  the  generating 
stations  only  affects  the  section  fed  by  it,  but  in  order 
to  obviate  even  this  fractional  difficulty  the  conductor 
of  each  section  is  connected  with  the  conductor  or 
conductors  of  the  next  section  in  both  directions,  so 
that  when  an  accident  happens  at  one  station  the 
electric  energy  can  be  supplied  from  one  of  the  other 
sections. 

The  conductor  rails  may  occasionally  be  placed 
on  each  side  of  the  canal  or  other  waterway,  and  in 
certain  instances  they  may  be  suspended  by  special 
stanchions  or  standards  over  the  waterway.  By  this 
means  difficult  haulage  problems  can  be  satisfactorily 
solved. 

Bv  this  method  of  transmitting  the  electric  energy 
at  high  pressure  and  allocating  this  energy  to  short 
sectional  lengths  at  a  low  pressure,  the  loss  of  energy 
over  a  long  length  of  conductor  is  reduced  very  con- 
siderable-. 

OTHER     PROPOSALS. 

I  understand  that  the  system  has  been  the  subject  of 
exhaustive  experiment  and  has  gained  the  unqualified 
approval  of  Sir  Leader  Williams,  C.E.,  Mr.  Marshall 
Stevens.  Mr.  White,  of  Leeds  and  Liverpool  Canal,  and 
the  engineers  of  the  Rochdale  and  Manchester,  and  the 
Sheffield  and  Hull  Canal  Companies.  When  intro- 
ducing the  subject  to  the  British  Association  Mr.  A.  H. 
Allen  A.I. E.E.  remarked  that  previous  attempts  towards 


3° 


Page's    Magazine. 


FIG.   3.      THE     THWAITE-CAWLEY    ELEVATION   OF   THE 
POLES  TO   SUPPORT  TRACK. 

applying  electric  traction  have  generally  been  in  the 
direction  of  supplying  electrical  energy  by  means  of 
overhead  wires  along  the  banks,  to  electromotors 
carried  on  board  the  barges.  The  motors  were  usually 
geared  to  screw  propellers  (as,  for  instance,  on  the 
Erie  Canal) — in  one  case  to  an  aerial  propeller.  None 
of  these  methods  have  attained  any  degree  of  success, 
chiefly  on  account  of  the  same  difficulties  as  lie  in 
the  way  of  steam  propulsion.  A  length  of  three  miles 
on  the  Burgundy  Canal  is  operated  electrically  by 
means  of  a  chain  laid  along  the  bed  of  the  canal. 
A  tug  boat  fitted  with  an  electromotor  and  chain 
barrel  works  to  and  fro  on  the  chain,  hauling  a  train 
of  barges.  The  current  is  received  from  an  overhead 
wire  and  returns  via  the  chain  and  earth.  The  system 
is  well  adapted  for  the  case  in  question,  as  two  out  of 
the  three  miles  are  through  tunnels  ;  but  the  great 
loss  of  time  incurred  when  one  train  passes  another 
is  a  fatal  bar  to  its  general  adoption. 

In  the  system  under  discussion  all  these  difficulties 
are  avoided  by  making  the  motors  entirely  independent 
of  the  barges  and  hauling  the  litter  by  means  of  ropes, 
exactly  as  with  horses  ;  in  this  way  the  waste  of  energy 
ncurred  with  a  screw  propeller  is  almost  entirely 
obviated. 

RELATIVE  COST  OF  SYSTEM. 

In  order  to  demonstrate  the  economic  possibilities  <>f 
the  system  statistics  were  presented  showing  the  CO  1 


of  haulage,  (1)  by  horses,  (2)  by  electric  locomotives, 
at  the  same  running  speed  as  with  horses,  and  (3)  by 
electric  locomotives  at  a  higher  speed  (four  miles  per 
hour).  For  the  purpose  of  this  comparison  the  case 
of  a  level  canal,  30  miles  in  length,  has  been  taken  with 
an  annual  traffic  of  100,000  tons  per  mile.  The  details 
of  the  estimates  are  briefly  as  follows  : — 

Cost   per     Time  occu- 
ton-mile.   pied  in  tran- 
d.  sit  (hours). 

Haulage  with  horses  at  2\  miles 

per  hour  ..  ..  ..      0-077  T5 

Electric  haulage  at  i\  miles  per 

hour     . .  .  .  .  .  .  .      0-032  12 

Electric  haulage  at  four  miles  per 

hour      .  .  . .  . .  .  .      0-041  -j\ 

Mr.  Allen  pointed  out  that,  without  taking  advantage 
of  the  higher  speed  passible  with  electric,  haulage,  the 
cost  is  58-4  per  cent.,  and  the  time  20  per  cent.,  less 
than  with  horses,  while  when  the  speed  is  increased 
to  four  miles  per  hour  the  cost  is  47  per  cent.,  and  the 
time  50  per  cent.,  less  than  with  horses.  Further,  in 
the  latter  case  no  allowance  has  been  made  for  the 
reduction  in  the  capital  cost  of  barges  (of  which  a 
smaller  number  would  suffice),  in  the  interest  and 
depreciation  on  capital,  and  in  the  wages  paid  to 
bargemen,  nor  for  the  increase  in  the  traffic  and  reduc- 
tion of  tolls,  which  are  sure  to  follow  the  increase  in 
speed,  the  sale  of  electrical  energy,  the  great  reduction 
in  cost  of  maintenance  during  prolonged  frosts,  etc., 
all  of  which  are  items  of  the  first  importance  in  this 
connection. 

Mr.  Allen  sums  up  the  advantages  of  electrical 
haulage  as  follows  :  The  boats  require  no  alteration 
whatever  ;  the  delays  in  passing  incurred  with  horse 
haulage  are  obviated  ;  bridges  and  tunnels  cause 
neither  difficulty  nor  delay  ;  no  time  is  lost  in  waiting 
for  a  train  of  barges  to  be  loaded,  as  is  the  case  with 
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Two  motor-carriages  passing. 
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steam  ;  power  can  be  supplied  to  private  consumers, 
etc.,  at  a  low  rate  ;  the  cost  of  haulage  is  reduced  by 
50  or  60  per  cent.,  and  the  time  occupied  in  transit 
by  20  to  50  per  cent.,  as  compared  with  horse  haulage  ; 
in  case  of  frost,  the  standing  expenses  are  enormously 
less  than  with  horses. 

TOWING     ON     THE     ERIE     CANAL. 

A  system  of  electrical  towing  is  being  success- 
fully employed  on  the  Erie  Canal.  Single-rail  lines 
are  employed  for  the  electric  locomotives,  the  parallel 
rails  being  bolted  upon  18-in.  rolled  joists  carried  upon 
steel  columns.  Heavy  arms  attached  to  the  frame  of 
the  locomotive  carry  grooved  wheels  which  are  pressed 
against  an  under  rail  by  springs.  The  two  24-in. 
grooved  driving  wheels  running  along  the  top  rail 
are  driven  by  two  motors  of  40  h.p.  each,  the 
current  being  taken  by  means  of  an  ordinary  trolley 
pole.  It  is  estimated  that  four  canal  boats  of  250  tons 
each  can  be  towed  at  a  speed  of  four  to  five  miles  an 
hour. 

THE     LATEST     FROM     GERMANY. 

The  results  of  the  hauling  experiments  made  by  the 
Teltow  Canal  Building  Commission  have  just  now 
been  made  public,  and  are  stated  as  follows  bv  I>r. 
Gradenwitz  :  The  locomotive  used  was  designed 
by  the  Siemens-Schuckert-Werke ;  it  has  a  front 
truck,  both  axles  of  which  are  driving  axles,  being 
driven  each  by  an  8-h.p.  main -current  motor  by  means 
of  a  double  spur-wheel  gearing  ;  there  is  at  the  back 
a  free  guiding  axle.  On  the  truck  there  is  a  hauling 
pole    25     millimetres    in    length     rotating    round     a 


horizontal  shaft,  located  above  the  driving  axle,  and 
supporting  at  its  upper  end  a  funnel,  through  which 
the  hauling  rope  is  slipped.  The  pole  is  moved  elec- 
trically by  a  1 -h.p.  motor,  through  spur  wheel  and 
worm  wheel  gears.  The  hauling  rope  is  wound  on 
a  drum,  which  is  likewise  moved  electrically  by  a  2^-h.p. 
motor  by  means  of  a  worm  gear.  In  order  to  avoid 
anv  excessive  strains  on  the  locomotive,  this  drum  is 
not  made  rigid  with  its  shaft,  but  connected  with  the 
same  through  a  friction  coupling,  which  is  disengaged 
at  a  pull  as  high  as  1,150  kilogrammes  in  the  hauling 
rope.  The  weight  of  the  locomotive  is  about  6*5  tons. 
As  borne  out  bv  the  experiments  the  pull  resistance 
is  about  0-85  kilogrammes  per  each  ton  of  effective 
load,  or  06  kilogrammes  for  a  displacement  of  one 
ton,  with  a  speed  of  4  kilometres.  The  output  of  the 
locomotive  is  00127  h.p.  for  each  ton  of  effective 
load,  or  0010  h.p.  per  ton  of  displacement.  The 
amount  of  energy  derived  by  the  locomotive  from 
the  mains  is  0014  kilowatts  per  ton  effective  load, 
or  o'Oii2  kilowatts  per  ton  displacement.  The  con- 
sumption of  energy  is  35  watt  hours  per  ton  kilo- 
metre effective  load,  or  275  watt  hours  per  ton  kilo- 
metre displacement. 

The  figures  corresponding  to  speeds  of  45  kilometres 
and  5  kilometres  respectively  were  also  ascertained, 
it  being  shown  that  4  kilometres  is  the  most  economical 
speed,  the  consumption  of  energy  at  lower  speeds 
being  onlv  little  smaller,  while  with  higher  speeds  a 
relatively  rapid  increase  is  noted.  The  efficiency 
of  the  locomotive  when  hauling  600  to  1,100  tons  o 
effective  load  is  about  65fper  cent. 


Portable  Electric  Drill  Booklet. 

The  United  States  Metallic  Packing  Company,  Ltd., 
of  Soho  Works,  Bradford,  send  us  a  highly  ornate 
booklet,  used  for  a  catalogue  of  the 
C.  and  I.  Portable  Electrical  Drill 
(manufactured  by  Messrs.  Campbell 
and  Isherwood,  of  Bootle),  for  which 
they  act  as  agents.  The  prevailing 
tints  are  purple  and  green,  and  very 
effective  use  has  been  made  of 
gilding.  A  panel  is  left  in]  the 
design  for  a  half-tone  view  of  the 
drill  to  be  affixed  subsequent  to  the 
printing  of  the  cover.  The  accom- 
panying illustration  gives  a"  v,  ,  \ 
fair  idea  of  the  result  attained,  hut 
the  design  gains  much  by  the  gilding 
and  embossing  which,  of  course, 
cannot  be  reproduced  here.  The 
booklet  is  tied  with  green  silk,  and 
the  larger  illustrations  in  the  interior 
are  enclosed  within  lint-  borders,  the 
type  matter  being  printed  in   black 

and   sepia. 


CATALOGUE 
COVER . . ._. 

DESIGNS  .  .  . 


A  Bulletin  Cover. 

The  accompanying  illustration  shows  the  sub- 
stantial cover  which  has  been  sent  out  by  the  Brush 
Electrical  Engineering  Company,  Ltd.,  to  their 
clients  in  order  that  the  bulletins  issued  from  time 
to  time  by  the  firm  may  be  filed  for  ready  reference. 
It  is  a  well-designed  stiff  linen  cover,  and  is  well 
finished,  the  end-papers  being  elaborately  gilded. 
Brush  Bulletin  No.  6,  which  reaches  us  reach- 
punched  for  filing,  is  an  illustrated  section  devoted 
to  the  Brush-Gutmann  Integrating  Wattmeters  for 
Alternating  currents.  It  is  to  be  feared  that  a  very 
great  deal  of  valuable  catalogue  matter  annually  goes 
to  waste  in  consequence  of  the  difficulty  of  finding 
some  suitable  method  by  which  it  can  be  made 
available  for  occasional  reference.  These  covers  not 
only  obviate  the  difficulty,  but  form  a  pleasing 
addition  to  the  office  shelves.  A  simple  operation 
suffices  to  attach  each  bulletin  as  it  arrives,  and  a 
catalogue  produced  on  these  lines  is  kept  up  to  date 
with  a  minimum  of  effort. 
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POINTS    FROM    THE    CHICAGO    MEETING. 


'~p,HE  joint  meeting  of  the  American  Society 
•*■  of  Mechanical  Engineers  and  our  British 
Institution  of  Mechanical  Engineers  was  held 
at  Chicago  at  the  beginning  of  the  month,  the 
opening*  meeting  being  attended  by  about  700 
members,  ladies  and  guests. 

The  proceedings  commenced  with  an  address 
of  welcome  by  the  Hon.  Lawrence  E.  McGann. 
Comptroller  of  the  City  of  Chicago,  representing 
Ma\or  Harrison.  This  was  responded  to  for 
the  American  Society  by  President  Ambrose 
Swasey.  and  for  the  British  Institution  by  Mr. 
J.  Hartley  Wicksteed. 

In  the  portion  of  his  remarks  which  referred  to  the 
joint  meeting  of  the  two  societies,  Mr.  Swasev,  after 
alluding  to  the  satisfaction  with  which  his  society 
visited  Chicago  for  the  third  time,  said  it  was  an  added 
and  exceptional  pleasure  to  welcome  Mr.  Wicksteed 
and  the  Institution  of  Mechanical  Engineers  to  that 
country  and  convention.  They  felt  that  they  might 
take  a  just  pride  in  holding  that  joint  convention 
with  the  Institution — an  Institution  with  such  an 
honourable  record,  with  such  a  great  history;  and  when 
they  remembered  the  distinguished  men  who  had  been 
enrolled  on  the  membership  of  the  Institution — such 
men  as  Stevenson,  Siemens,  Whitworth,  Armstrong, 
and  he  might  mention  scores  of  others  down  to  the 
present  time,  truly  they  might  feel  a  pride  in  joining 
in  this  convention  with  them.  "  As  one  of  the  members 
who  enjoyed  the  warm  welcome  and  the  unbounded 
hospitality  extended  to  the  American  engineers  during 
their  visits  to  England  in  1899  and  1900,  he  was  glad 
to  have  the  privilege  of  reciprocating  to  some  extent 
their  kindness  and  attention.  He  thanked  the  members 
ofjthe  Institution  of  Mechanical  Engineers  for  coming 
there,  for  it  not  only  brought  them  closer  together  as 
engineers,  but  closer  together  as  citizens  of  the  two 
great  English-speaking  nations. 

MR.     WICKSTEED  S     IMPRESSIONS    OF     CHICAGO. 

Mr.  Wicksteed  joined  with  Mr.  Swasey  in  thanking 
Mr.  McGann  for  the  extremely  kind  and  interesting 
way  in  which  he  had  welcomed  them  to  Chicago.     It 


was  a  great  privilege  to  come  there  and  to  feel  like 
cousins,  and  also,  of  course,  a  very  great  delight  to 
come  to  a  country  which  spoke  the  English  language. 
It  was  through  the  kindness  of  the  American  Society  of 
Mechanical  Engineers  that  thev.  the  English  Institution, 
were  able  to  partake  of  their  hospitality. 

More  than  300  desired  to  come,  and  sent  in  their 
names,  but  as  many  of  them  were  men  too  much 
immersed  in  business  to  leave  their  work  for  two 
months,  it  could  hardly  be  expected  as  many  would 
come  from  England  for  two  months  as  they  had  coming 
from  different  parts  of  that  countrv  for  two  weeks. 
However,  he  felt  sure  that  all  those  who  had  come 
felt  that  it  was  the  best  resolve  thev  ever  made  in 
their  lives  to  leave  their  business  behind  them  and 
come  over  to  that  exhilarating  country. 

Chicago  seemed  to  him  to  be  the  place  of  all  others 
to  which  an  engineer  should  come.  Chicago  was  only 
the  age  of  any  of  them.  It  came  within  the  allotted  span 
of  life.  In  seventy  years  Chicago  had  sprung  up  from 
nothing.  No  doubt  a  great  deal  of  the  prosperity  and 
increase  of  the  city  must  arise  from  natural  causes, 
from  force  of  circumstances,  from  its  position  on  that 
vast  inland  sea  ;  but  without  the  engineer  it  would 
not  have  been  possible  to  make  Chicago  14  ft. 
higher  than  the  lake,  as  Mr.  McGann  said  had  been 
done.  The  maximum  of  progress  was  to  be  found  in 
perfection,  he  thought,  in  that  city. 

THE     CHICAGO     TUNNEL     SYSTEM. 

He  had  seen  that  day  what  all  men  in  their  party 
ought  to  make  a  point  of  seeing,  and  that  was  a  system 
of  underground  tunnels,  in  which  were  conveyed  cables 
of  telephone  wires,  but  also  in  which  were  going  to  be 
conveyed  cars  for  the  transport  of  goods  throughout 
the  city.  Coal  could  be  transported  and  ashes  could 
be  taken  away.  Goods  could  be  transported  from  one 
part  of  the  city  to  another.  There  was  already  twenty 
miles  of  this  tunnel  system.  It  was  the  pluckiest  thing 
he  had  ever  seen,  and  it  was  really  a  most  wonderful 
idea — one  which  he  did  not  think  was  conceived  of 
as  a  whole  by  the  first  promoters.  But  it  was  going 
to  turn  out  one  of  the  cleverest  things,  he  thought, 
that  had  ever  been  introduced  in  a  city.  Besides  this 
they  saw,  and  he  thought  it  was  in  connection  with 
the     same    enterprise,     an    automatic    exchange     for 
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telephone  messages,  so  that  if  the  subscriber  put  his 
instrument  to  the  right  notch  he  could  connect  himself 
direct  with  any  of  the  addresses  which  the  telephone 
would  reach  without  the  aid  of  an  operator  at  the 
exchange  to  switch  him  on  to  the  wire  he  wished  to 
get.  It  mechanically  informed  the  subscriber  whether 
the  wire  was  busy,  and,  he  believed,  it  informed  him 
when  it  was  free. 

The  impression  that  must  be  made  on  their  minds 
when  they  saw  this  wonderful  city,  that  has  sprung  up 
in  seventy  years,  was  that  the  mechanical  expert  must 
have  played  a  secondary  part  in  Chicago  ;  that  there 
must  have  been  all  the  way  through  men  and  women 
with  big  hearts,  big  brains  and  great  pluck.  Consider- 
ing the  limitations  that  had  been  imposed  on  the 
builders  of  the  city,  it  was  the  more  marvellous  that 
so  much  had  been  accomplished.  The  well-known 
independence  of  the  American  character,  he  supposed, 
rose  superior  to  these  restrictions,  and  by  individual 
energy,  enterprise  and  pluck,  he  supposed,  they  would 
somehow  do  what  could  only  be  done  by  the  combined 
action  of  a  community  and  corporation.  In  conclusion 
he  cordially  thanked  Mr.  McGann  for  the  welcome  he 
had  given  them,  and  the  American  Society  of  Mecha- 
nical Engineers  for  having  invited  them  to  come  over. 

The  following  are  selected  abstracts  from 
some  of  the  papers  read  :— 

EXPERIMENTS    WITH     A     LATHE-TOOL 
DYNAMOMETER. 

An  important  paper  was  presented  by  Mr.  J.  T. 
Nicolson,  D.Sc,  Professor  of  Mechanical  Engineering 
at  the  Municipal  School  of  Technology,  Manchester, 
recording  the  results  of  over  300  serial  trials,  each 
requiring  the  making,  recording  and  reducing  of  from 
50  to  100  observations.  Yet  it  is  only  looked  upon 
as  a  first  instalment  of  the  work  required  to  be  done 
in  order  that  the  action  of  the  tools  used  in  a  machine 
shop  may  be  thoroughly  understood.  The  author,  in 
introducing  his  subject,  says  that  in  the  tool-steel  trials 
made  by  the  Manchester  Committee  in  1902-03  (the 
report  upon  which  was  published  by  the  Manchester 
Associa  tion  of  Engineers  in  their  Transactions  for  1 903  )t 
there  appeared  an  entire  lack  of  uniformity  in  the  shapes 
and  angles  of  the  tools  submitted  by  the  eight  com- 
peting firms.  There  was  also  no  obvious  connection 
between  the  shapes  and  angles  of  the  tools  and  the 
cutting  forces  upon  these  tools  deduced  in  the  report 
from  the  electrical  power  measurements  made  by  the 
Committee.  Neither  did  the  shape  or  angle  supply  a 
clue  to  the  causes  of  success  and  failure  in  the  various 
trials  with  different  tools. 

On  the  other  hand,  the  necessary  reconsideration  of 
the  design  of  lathes  for  the  rapid  and  heavy  cutting 
rendered  possible  by  the  new  steels  introduced  by 
Taylor  and  White,  and  now  everywhere  adopted,  calls 
for  a  thorough  and  systematic  investigation  of  the 
forces  acting  upon  a  cutting  tool.  If  a  standard  area 
ol  cut  can  be  agreed  upon  for  the  various  sizes  of 
lathe,  a  knowledge  of  the  forces  to  be  overcome  when 


taking  that  cut — not  only  for  turning  the  work  against 
the  tool,  but  also  for  moving  the  slide-rest  and  saddle 
in  both  the  traversing  and  surfacing  directions — will 
enable  the  calculation  of  the  stresses  in,  and  the  pro- 
portioning of,  the  various  parts  of  the  machine  to  be 
gone  about  in  a  rational  and  scientific  way. 

No  such  knowledge  has  hitherto  been  available  ;  and 
it.  appeared  to  the  author  that  the  prosecution  of  a 
somewhat  extensive  research  into  the  matter  would 
well  repay  the  time,  labour,  and  expense  which  it 
would  necessarily  involve. 

The  thanks  of  the  author,  and,  if  the  results 
obtained  prove  of  value,  those  of  the  engineering 
public,  should  be  given  to  those  whose  action  alone 
rendered  possible  the  carrying  out  of  the  work.  First, 
viz.,  to  the  authorities  of  the  Manchester  Municipal 
School  of  Technology,  who  authorised  the  expenditure 
incurred  for  power,  light,  and  mechanical  assistance, 
to  a  not  inconsiderable  amount.  Second,  to  the  firm 
of  Sir  W.  G.  Armstrong,  Whitworth  and  Co.,  for  the 
continuance  of  their  loan  of  the  lathe  used  in  the 
experiments  by  the  Manchester  Committee  ;  for  the 
donation  of  the  remainder  of  the  material  unoperated 
upon  in  those  experiments,  viz.,  three  steel  forgings 
and  three  iron  castings  ;  and  for  the  gift  of  large 
quantities  of  their  AW  steel  of  various  sections. 

DESTRUCTOR     WORK. 

Among  other  papers  may  be  mentioned  "  Refuse 
Destruction  by  Burning  and  the  Utilisation  of  Heat 
Generated,"  by  Mr.  C.  Newton  Russell,  Borough 
Electrical  Engineer  of  Shoreditch.  A  paper  on  the 
"  Burning  of  Town  Refuse,  with  special  reference  to 
the  Destructors  at  Brussels,  West  Hartlepool,  Moss 
Side,  and  Westminster,"  was  also  contributed  by  Mr. 
George  Watson. 

ON  THE  USE  OF  SUPERHEATED  STEAM  AND  OF 
REHEATERS  IN  COMPOUND  ENGINES  OF  LARGE 
SIZE. 

The  object  of  this  paper  by  Mr.  Lionel  S.  Marks, 
of  Cambridge,  Mass.,  was  to  collect  and  present  to  the 
Society  the  results  of  a  number  of  unpublished  tests 
made  during  the  past  five  years  on  several  high-speed, 
two-cylinder  compound  engines,  all  built  by  the  same 
makers,  and  all  of  the  same  type.  The  engines  tested 
differed  from  one  another  only  in  size,  in  cylinder  pro- 
portions, and  in  their  working  conditions.  The  investi- 
gations were  made  to  determine  the  performance  of 
the  engines  under  different  loads,  both  with  and 
without  jacketing  and  reheating. 

In  summing  up  the  general  results  of  the  tests  the 
following  conclusions  appear  to  the  writer  to  be  justified 
when  applied  to  large  size,  high-speed,  compound, 
four-valve  engines  of  common  proportions. 

The  jacketing  of  the  high-pressure  cylinder  is  of  but 
little  value  when  moderately  superheated  steam  (100 
deg.  F.)  is  used. 

Reheating  is  probably  a  source  of  loss  unless  it 
superheats  the  receiver  steam  at  least  30  deg.  h\, 
and  is  not  fully  effective  unless  it  superheats  about 
100  deg.  F.      In  the  latter  case  it  may  he  expected^to 
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effect  a  saving  of  6  to  8  per  cent,  of  the  total  heat 
used  per  indicated  horse-power. 

Jacketing  the  low-pressure  cylinder  is  shown  by  the 
steam  qualities  during  expansion  in  the  low-pressure 
cylinder  to  be  unnecessary  and  therefore  undesirable 
when  the  reheating  is  effective.  The  effect  of  admit- 
ting moderately  superheated  steam  to  both  the  high- 
pressure  and  low-pressure  cylinders  is  to  keep  the  heat 
consumption  per  indicated  horse-power  practically 
constant  throughout  a  considerable  range  of  loads — 
from  half  load  to  about  one-quarter  overload. 

The  variation  within  the  ordinary  limits  of  the 
ratio  of  stroke  to  diameter  in  large  size  engines  of 
the  same  power  when  using  moderately  superheated 
steam,  does  not  have  any  marked  effect  upon  the 
economy  of  the  engine.  The  size  of  the  engine  is  an 
important  factor  in  determining  its  efficiencv. 

THE     STATE     AS     A     FLY-WHEEL     FOR    THE     ENERGY 
OF    PRODUCTION. 

In  the  course  of  a  paper  on  "  A  Rational  Basis  for 
;s,"  Mr.  Harrington  Emerson,  of  New  York, 
remarks  that  in  buying  coal  the  wise  purchaser  is 
advised  to  buy  by  the  ton,  to  base  his  price  on  qualitv 
and  to  use  efficiently.  He  should  act  similarly  when 
he  buys  labour.  It  is  a  reflection  on  the  intelligence 
of  the  State  that  when  so  much  is  done  to  correct 
nature,  to  dredge  harbours,  build  sea  walls,  impound 
waters,  regulate  rivers,  fight  against  diseases  ;  when 
so  much  more  is  meddled  with  that  might  be  better 
left  alone,  absolutely  no  use  is  made  of  the  great  power 
of  the  State  to  act  as  a  fly-wheel  for  the  energy  of 
production.  Here  at  least  is  something  in  which  the 
interests  of  employers  and  employees  are  one.  When 
labour  is  scarce  and  materials  high.  Governments, 
national,  state  and  municipal,  should  carefully  abstain 
from  undertaking  great  works  of  creation  or  improve- 
ment, but  when  labour  is  plentiful  and  materials  low 
in  price,  Governments  should  carry  out  plans  held  in 
reserve  for  just  such  conditions.  There  is  no  other 
means  at  once  so  powerful  and  economical  to  minimise 
the  ups  and  downs  of  both  labour  and  capital. 

POWER    PLANT   OF   TALL  OFFICE    BUILDINGS, 

Some  instructive  details  on  this  subject  were  included 
in  a  paper  by  Mr.  Reginald  Pelham  Bolton,  of  NewYork. 

With  regard  to  the  height  of  these  buildings,  he 
remarks  that  secured  by  nature  from  doubt  as  to 
the  permanency  of  their  support,  the  limitations  of 
height  become  only  those  imposed  by  practical  con- 
siderations above  ground,  and  the  present  practice 
has  settled  down  to  a  general  adoption  of  a  height 
affording  space  for  16  to  20  stories,  the  extreme  pre- 
sented by  the  Park  Row  (27)  and  the  St.  Paul  (25) 
not  having  justified  a  general  imitation.  In  point  of 
fact,  the  limitation  of  height  has  come  about  in  a 
natural  manner  by  realisation  of  the  disadvantages 
of  the  remoteness  of  such  lofty  floors  from  the  street, 
and  the  excessive  expense  of  maintaining  a  suitable 
elevator  travel  schedule  on  such  long  runs,  the  burden 
of  which  excess  is  to  be  charged  to  the  upper  floors, 


and  the  returns  from  which  are  often  insufficient  to 
make  the  expense  commerciallv  successful.  Increasing 
the  floor  area  of  the  cars,  and  the  speeds  of  the  machines 
are  subject  to  practical  limitations,  mere  increase  of 
area  of  cars  being  the  cause  of  delay  in  handling  the 
passengers,  and  the  speed  of  travel  being  practically 
limited  to  600  ft.  per  minute  for  stopping  or  way  cars, 
and  to  750  ft.  for  express  cars,  beyond  which  speeds 
more  time  is  lost  than  gained  by  overrunning  the 
landings. 

The  lighting  of  these  buildings  is  universally  electrical 
and  is,  as  regards  distribution  and  generation,  a 
simple  operation.  Much  of  the  interior  of  some  build- 
ings requires  artificial  lighting.  Direct-current  systems 
are  employed,  the  feeders  being  made  three-wire,  only 
in  order  to  provide  for  eventual  possible  connection  of 
the  public  service  :  from  the  distribution  centres  on 
each  floor  the  circuits  are  carried  in  two-wire  work 
to  the  outlets. 

The  usual  practice  is  to  adopt  a  pressure  of  120-125 
volts,  but  in  the  Dun  building  (15),  and  in  a  few  others, 
a  pressure  of  220-240  volts  is  maintained,  operating 
elevator  and  other  motors  in  parallel  with  lighting 
work.  The  reduction  in  size  of  conductors  is  not 
material,  but  there  is  a  gain  in  simplicity  of  service 
and  of  connections. 

The  generators  are  in  duplicate  or  more  generally 
from  ~s  to  150  kilowatts  capacity  operated  in  parahel. 
Consideration  of  head  room  sometimes  induced  the 
adoption  of  small  units,  and  the  same  factor  has  pre- 
vented the  adoption  of  the  vertical  engine  as  a  motive 
machine.  The  compound  engine  has  not  made  much 
headway,  more  for  similar  reasons  of  space,  than  of 
disregard  of  its  economy.  The  4-valve  engine  is  a 
type  well  adapted  to  the  conditions,  and  has  found 
some  favour  recentlv.  The  direct  connection  of  engine 
and  generator  is  the  common  form,  and  has  much 
advantage  in  absence  of  noise  and  vibration. 

The  water-tube  boilerof  one  or  other  of  the  well-known 
firms  is  in  general  use  in  these  buildings. 

The  author  remarks,  with  regret  that  the  archi- 
tectural profession  as  a  body  have  failed  to  realise 
their  responsibility  in  regard  to  the  employment  of 
proper  engineering  skill  upon  the  work  of  the  design  and 
proportion  of  the  power  plant  of  these  large  buildings. 

CAST-IRON     STRENGTH,     COMPOSITION, 
SPECIFICATIONS. 

The  data  which  is  comprised  in  this  investigation 
by  Mr.  W.  J.  Keep,  of  Detroit,  Mich.,  consists  of  nine- 
teen series  of  tests  made  for  the  committee  on  tests  of 
the  American  Society  of  Mechanical  Engineers  in 
1894-95,  and  of  twelve  series  made  in  1 899-1 901  by 
the  committee  on  tests  of  the  American  Foundrvmen's 
Association. 

The  author  summarises  his  conclusions  as  follows  : — 

A  variation  of  size  of  a  casting  causes  a  great  varia- 
tion in  strength,  because  of  the  change  in  the  rate 
of  cooling. 

A  variation  of  shape  of  castings  which  have  the 
same  area  of  cross  section  causes  a  great  variation  in 
strength. 
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TABLE  I. 
Potential  Efficiency  op  Water-Wheels 


Name  op  Wheel. 


Tremont  . . 

Boott 

Boyden 
Collins 
Haenel. . . . 
Tangential. 
Swain  .  . 
Hercules. . , 
Victor 


Faesch  & 
Pi  card. 


Pelton. 


Pelton 

Cascade 

Centrifugal  Pump. 


Coble  Feet 

POWKIl. 

Feet. 

per  sec. 

R.  P.  M. 

Available 

Developed 

11 

Q. 

P.H.  P. 

B  II.  P. 

12.903 

138.19 

51.06 

202.2 

160.5 

13.33 

112.56 

40.07 

170.2 

135.6 

16.6 

147.1 

63.5 

277.0 

222.04 

16.59 

113  46 

63.39 

213.1 

131.49 

5.12 

45.66 

33.0 

26.48 

18.08 

570.84 

6.84 

210. 

440.9 

336.8 

12.17 

162  54 

69  1 

227.7 

190.2 

16.96 

88.33 

140.62 

169.7 

145.72 

11  65 

45.86 

144.5 

60.52 

52.54 
5335. 
Elect  ric 

135.113 

447.8 

250. 

6864 

5500. 
Brake 
611. 

658. 

10.62 

450. 

793. 

643. 
982. 

1919. 

5.444 

430. 

1186. 

1028. 

164  2 

0.887 

831.2 

16.5 

15.05 

425. 

2.47 

890. 

157. 

118.9 

(I) 


Potential 
Efficiency 


per  cent. 
P. 


It  is  very  difficult  to  calculate  the  strength  of  one 
form  or  size  of  test  bar  from  the  measured  strength  of 
another  size. 

A  test  bar  should  be  cast 
horizontally  in  the  ordinary  way 
and  in  ordinary  sand  the  same 
as  other  castings. 

The  average  strength  of  at 
least  two  test  bars  cast  together 
should  be  taken. 

The  distribution  of  metal  in 
a  square  test  bar  gives  a  stronger 
casting  than  in  a  round  bar  of 
the  same  area  of  cross  section, 
and  more  nearly  represents  the 
ordinary  shape  of  castings. 

A  test  bar  i  in.  square  is  the 
size  and  shape  in  general  use. 

We  think  of  transverse  or 
tensile  strength  as  so  much  per 
square  inch. 


second  is  550  B  foot  pounds.     Then  the 
potential  efficiency  is — 

P    550  B 

62-3  QH 

In  Table  I.  are  given  the  results  of 
a  number  of  tests  on  water  wheels  and 
the  efficiencies  are  expressed  in  the  usual 
way.  Data  for  most  of  the  wheels  were 
obtained  from  Professor  Wood's  "  Theory 
of,  Turbines,"  and  some  of  the  tests  were 
made  at  the  Holyoke  testing  flume.  The 
data  for  the  Pelton  wheels  were  furnished 
by  Mr.  Henry,  chief  engineer  for  the 
Pelton  Water  Wheel  Company.  The 
Cascade  Wheel  is  a  form  of  impulse 
wheel  tested  under  the  direction  of 
Professor  Hitchcock,  of  the  Ohio  State 
University. 

The    results    show    the    usefulness    of 
the    guide  and    vane   type   of   wheel  for 
low  heads  and  the   remarkable   efficiency 
of  the  nozzle  and  bucket  type  under  high 
heads.     The  test  on  the  centrifugal  pump  is  added  to 
indicate    the   growing   effectiveness^of  modern   high- 
lift  pumps. 

TABLE   II. 

Potbntial  Efficiency  of  Steam-Engines. 


79.4 

79.8 
180.2 
85.1 
68.3 
76.4 
83.6 
85.8 
86.8 
77.85 

80.26 

77.0 
81.0 
83.1 
86.2 
91  0 
76.0 


Type. 


Double  Vertical  Sin- 1 
gle  Acting 1 

Vertical  Single  Act- 1 
ing  Compound. .    | 

Vertical  Double  Act- 1 
ing  Compound  . . .  | 


Vertical  Three  Cyl- 
inder Compound. 


THE    POTENTIAL   EFFICIENCY 
OF    PRIME    MOVERS. 

The  paper  by  Mr.  C.  V.  Kerr, 
of  New  York,  on  the  above 
subject  dealt  with  (1)  Water 
Wheels;  (2)  Steam  Engines; 
(3)  Steam  Turbines. 

The  efficiency  of  a  water 
wheel  is  easily  expressed  and 
easily  comprehended.  If  the 
height  of  fall  is  H  feet,  and 
the  How  in  cubic  feet  per 
second  is  Q,  the  energy  per 
second  is  62-3  QH  ;  and  if  li  is 
the  brake  horse-power  dc 
veloped,     the    work    done     per 
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Horizontal  Double 
Single  Acting 

Single  Acting  Tan-  I 
dem  Compound..  ( 

Double  Acting  Com-  i 
pound.  f 

Single  Acting  Twin  i 
Tandem  Comp'd.  ( 

Double  Acting  Twin  I 
Tandem  Comp'd.  | 

Four  Cyl'der  Triple  1 
Expansion  Sulzrr  ■ 
Engine ) 

Horizontal  Tandem  J 
Compound i 

Vertical  Triple  Ex- 
pansion Pumping 
Engine,  780 1  H.  P. 

Croat  Compound  1 
Corliss f 

Cross  Compound  I 
CorliBK ( 


Stkam. 

»: 

>, 

g* 

r  5 

0   , 

S 

6 

£ 

3 

a 

-  — 

•"■"  c 

a= 

<S 

3tO 

ss  o> 

— ■  w 

1)  0 

« 

u 

£ 

bo 
5 

■£■0 

2.3 

E  = 

0  - 
to 

> 

£ 

03 

< 

c 
0 
0 

O 

^tn 

ft- 

Lbs. 

F. 

F. 

Lbs. 

B.  T.  V. 

P.O. 

100 

338 

0 

0 

26.19 

147.8 

65.8 

120 

350 

°i 

0 

25 

21.9 
18.1 

159.6 
265.5 

72.8 
53.0 

150 

3G6 

0 

0 

20.0 

173.2 

73.5 

184.6 
185.6 

381.5 
382.0 

0 
0 

25.19 
27.25 

12.24 
11.93 

286.9 
315.3 

72.5 
67.6 

126 

358 

288 

0 

17.7 

211.3 

68.0 

110 

344 

0 

0 

29.7 

168.1 

51.0 

153 

369 

219 

26.14 

11.75 

361.0 

60.0 

140 

360  { 

0 

27.5 

17.2 

313.6 

47.0 

197 

27 

10.4 

344.1 

71.0 

157.3 

369 

295 

26.87 

8.97 

370.1 

76.7 

140 

360 

331 

25.4 

8.96 

852.9 

80.5 

184 

381 

0 

26.25 

11.57 

305.7 

72.0 

188 

8HI.1 

223 

28 

8.97 

392.1 

72.3 

132.2 

356.6 

0 

27.9 

12.06 

815.7 

67.0 

128.9 

354.8 

98 

27.8 

11.00 

330.6 

70.0 

131 .6 

356.2 

310 

27.8 

8.86 

384.7 

74.7 

155 

3S8 

0 

26 

11.83 

279.0 

80.2 

145.1 

363.2 

0 

25.24 

13  81 

279.2 

65.8 

142.4 

361.8 

874.5 

116.79 

B.se 

887.1 

68.8 

ir.i  :t 

369.2 

0 

28.63 

12.1 

338.0 

62.2 

1 

Notes. 


!  20  x  10  Westinghonee  Standard, 
,  257  I.  H.  P.  Shop  test, 
j  14 &  24  x  14  Westinghouce  Com- 
)  pound.  170  I.  H.  P.  Shop  test. 
(  17&24  x  24  WV^tinghonseCom- 
<  pound.  Rated  600  I.  II.  P. 
i     Shaft  governor.    Shop  test. 

43  5  &  2  -  73.5  x  GO  Cylinders 
I.  H.  P.  5.310.     Economic  rat- 
ing 4.900-5,500  I.  H.  P.     New 
I     York  Edison-Waterside. 

Trials  "A"  and  "C."  by  Prof. 
Ewing,  at  Sheffield,  England. 
Schmidt  System. 

Trial  by  Prof.  Ewinjr,  nt  Kneck- 
j     long,  Ireland.    fi.r>  I.  H.  P. 
i  Trial  bv  Prof.  Ewing,  at  Miridlc- 
1     polder,  Am.     125  184  I.  II.  P. 
i  Trial  by  Prof.  Lewicki  oil  Thale 
1      Engine.    257.6  I.  II.  P. 

Official  Trial.  1,045  I  H.  P. 
-{  Schmidt  Engine,  Pabianice, 
j     Poland. 

3,000  I.  H.  P.  Rated.  See  Evg. 
Ntics,  Oct.  2,  1902. 

Van    den     Kerchove     Engine. 

Tested  by  Prof.  SchrOter.   8*0 

I   II.  P. 
20  M.  Gnl.  Snow  Pump.      Test 

bv  Prof,  (Jcis-s.  at  Indianapolis 

water-Work*. 
Rice  &  Sargent  Engine.    Tested 

by    Prof.    Jacobus,    at    Mill- 

honrne  Mills,  I'hiia. 
Kice  &  Sargent  Engine.    Tested 

by  Prof    JacobllS   for   Amer. 

Sugar  Ref.  Co.,  Brooklyn. 
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TABLE   III. 
Potential  Efficikxct  of  Steam  Turbines 


i. 

;      Water  per      I 

•    M    V 

!     H.  P.  Hoi-r. 

—    ■ 

=  Z 

Note*. 

Ttpe. 

•   1      •  1  - 

i-  i  =■_ 

J-J     ^jj        t_        ;  = 

£  g 

Gen.  Eff  =  95* 

=  -1     --  7. 

"l| 

DQ       H 

-a 

Mech  Eff.  =  90*. 

Urn      r. 

/*. 

/«/.    B«.    b«    &  r.  r 

P.  C. 

DeLa  val   .......-' 

206.2  390 

0 

26  6 
■27.2 

13.26  14.7:5  15.5       313.0    60.4 

/  Tests  by   Dean  &  Mam 

203.3  301 

81 

i    61.2 

V    on   200   K.    W.    Let. 
)     Fnll  Load. 

Westinghouse        I 
300  K.  W   Unit,  'i 

f150     356 

0 

27 

.oad. 
|  Shop  Test. 
'  Teets  by  Dean  &  Main. 

W  estin;rhoase        i 

153      367 

0 

u 

12  27  13.63 !     325.0    63.9 

400  K.  W.  Unit.  | 

151 

366 

Hi 

23 

10.13  11.25 |     36T. 

f     Fall  Load. 

Wcstinghouse         ) 
1,000  hf  W.  Uoit. ', 

149 
154 

365 

368 

0 
56 
140 

28 

28 

12.6 
11.2 
10.8 

14.73      312 

13.1        321.0    70.8 

12.66      341 

r.^ad. 
j'  Shop  Test. 

Westingbouso        > 
1.250  Cw.  (Jolt,  j 

364.3 

0 

17.11 

12.4 

.....jl4.52     304.1    67  5 

/Tests  6  4  11.  Full  Load. 

146.0 

28.1 

11.25 

13.1?      34.1.3    66.5 

A   M  Mattice, 
i        Power.  March.  '04. 

Westinslmnse        \ 

14- 

364.8 

0 

27 

12.65 

301.7    66.8 

'  Fnll  Load. 

1.500  K.  W.  DnM 

lki 

353.7 

■ 

27.5 

11.68 

13.67      317.0    68.8 

t  Shop  Test. 

Brown- Bovcri      i 
Turbo-Altemutor  - 
2,600  K.  W.  1'nit.  ( 

173 

SN 

198 

27.75 

•  9.84 
-.9.5 

11.5 

I87*-8  j71.8(-> 

/  Frankfort     Corporation. 
V     Test  at  Fnll  Load.  Ex 
)     citer  (  +  ),  c  - 

Ratean 

Kolticellnlar.  '< 

136.7 

m 

0 

86.7 

13.42 

15  7 

883.4    64.7 

/525E.  HP.     i 
A.  Rateau 

Curtis  600  K.  W..  - 

■     0   . 

-  150    ." 

--■-  . 

12.2 
10.68 

14.25 
12.5 

332.9    62.7 
365.4  ,65.3 

)      Eng.  Mag..  Oct ,  03 
)  Fnll    Load.      W     1      R. 

Emmet. 
*       St.R.ReT  4 

Curtis  8,000  K.W   ' 

I 

212 

a  i 

11.42 

389.4    67.0 

i  Eng'rs  Clnb,  Phi  la. 
(                 3-19-04. 

*  Resnlts  of  testa. 

The  data  used  in  Table  II.  were  obtained  from 
engine-builders'  catalogues,  reports  of  tests  published 
in  engineering  journals  or  directly  from  the  parties 
concerned.  In  some  instances  where  barometer  as  well 
as  vacuum  readings  were  not  given,  some  injustice  one 
way  or  the  other  may  be  done  in  comparing  efficiencies. 

From  Table  II.  it  will  be  seen  (i)  that  simple  engines 
with  a  relatively  high-water  rate  may  stand  well 
when  compared  on  the  basis  of  the  proportion  of  avail- 
able heat  converted  into  work  ;  (2)  that  engines  built 
to  use  superheated  steam  increase  in  potential  efficiency 
with  the  amount  of  superheat. 

The  steam  turbine,  nominally  older  than  the  Christian 
era,  has  in  the  last  score  of  years  taken  on  a  very 
rapid  growth.  The  present  size  of  units  being  built  is 
a  matter  of  common  knowledge.  The  results  of  careful 
tests  on  sizes  alreadv  in  service  are  given  in  Table  III. 
For  the  purpose  of  comparison  with  the  performance  of 
steam  engines,  the  efficiency  is  based  on  the  correspond- 
ing indicated  horse-power.  The  mechanical  efficiency 
is  taken  at  o-qo  and  the  generator  efficiency  at  0-95, 
which  combines  at  S55  per  cent.  This  is  not  high 
enough  for  large  vertical  units,  but  probably  quite 
correct  for  a  general  comparison. 

TURBINE     GENERATORS. 

Papers  specially  dealing  with  the  De  Laval,  Rateau, 
and  Curtis  turbines  were  presented.  The  following 
extract  is  from  a  voluminous  paper  by  Mr.  Francis 
Hodgkinson  on  "  Some  Theoretical  and  Practical 
Considerations  in  Steam  Turbine  Work  "  : — 

It  is  an  interesting  fact  that,  owing  to  the  introduc- 
tion of  steam  turbines,  the  general  characteristics  of 
generating  apparatus  have  been  modified  to  a  wide 
extent,  and  in  points  of  running  speeds  have  returned 
to    the    practice    of    the    first    builders    of    electrical 


machinery.  Owing  to  the 
restrictions  placed  upon  the 
designers  by  reciprocating 
engine  speeds,  the  dimensions 
and  bulk  of  engine  type 
generating  machinery  have  of 
late  years  become  enormously 
increased  ;  similarly,  the  cost 
of  construction.  With  the 
advent  of  the  turbine,  how 
ever,  speeds  have  been  in- 
creased to  such  a  point  as  to 
secure  in  the  generator  con- 
struction minimum  bulk  and 
cost  consistent  with  strength 
and  durability.* 

The  turbine  generator  is 
more  easily  applied  to  alterna- 
ting current  work,  for  the 
reason  that  commutation 
difficulties  involved  in  direct- 
current  machinery  running  at 
high  speeds  are  avoided.  The 
preferable  construction,  there- 
fore, comprises  rotating  field 
and  stationary  armature.  In  the  present  turbine 
generators  the  armature  construction  is  not  essentially 
different  from  that  of  the  ordinary  engine  type  machines. 
In  the  construction  of  the  field,  however,  the  centri- 
fugal stresses  necessitate  a  construction  of  greater 
inherent  strength.  Recent  practice  embraces  two 
designs — one  of  built  up  form — used  in  fields  having 
six  or  more  poles,  and  the  other  of  a  solid  steel  casting 
thoroughly  annealed,  bored  for  the  reception  of  the 
shaft,  and  slotted  axially  for  the  reception  of  bar  or 
strap  windings  which  are  insulated  and  confined  in 
position  by  wedges. 

!«-  The  turbine,  however,  makes  possible  the  use  of  a 
still  further  type  of  generator,  which,  although  pre- 
senting difficulties  in  design  at  ordinary  engine  speeds, 
becomes  ideally  suited  for  direct  connection  to  the 
turbine,  both  by  reason  of  its  electrical  charac- 
teristics and  its  inherent  strength  of  mechanical 
construction. 

It  is  well  known  that,  if  the  ordinary  squirrel  cage 
induction  motor  runs  below  synchronism  with  the 
system  upon  which  it  is  operated,  it  will  absorb  power 
from  that  system  proportionate  to  the  slip  or  drop  in 
speed.     If    it    is    run    in    synchronism    therewith    by 


•A  pertinent  comparison  may  be  made  in  the  two 
types  of  5,000-kilowatts  generators  which  will  form 
the  power  equipment  of  the  Rapid  Transit  Subway 
in  New  York  City.  The  engine  type  generators  run 
at  75  revolutions  per  minute,  are  approximately  40  ft. 
in  diameter,  and  weigh  980,000  lb.  The  turbine 
generators,  on  the  other  hand,  run  at  750  revolutions 
per  minute,  are  12  it.  6  in.  in  diameter,  and  weigh 
234,000  lb.,  the  weight  of  journals  and  shaft  ex- 
cluded in  each  case.  The  engine  type  generators 
have  40  poles,  and  the  turbo-generators  four,  giving 
the  same  frequency — 25  cycles  per  second. 
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external  means,  it  will  absorb  no  power  ;  and  if  run 
above  synchronism,  it  will  become  a  generator  and 
return  electric  power  to  the  system. 

When  running  below  synchronism,  the  greater  part 
of  the  current  absorbed  by  the  motor  appears  as  power, 
but  a  small  part  is  consumed  within  the  motor  itself 
in  magnetising  its  rotating  field.  When  run  above 
synchronism,  the  motor,  now  a  generator,  still  requires 
magnetising  current  from  the  line  to  which  it  is  con- 
nected. It  is,  therefore,  incapable  of  operating  by 
itself,  and  must  be  run  in  connection  with  syn- 
chronous machinery  capable  of  supplying  its  magne- 
tising current  and  controlling  the  frequency  of  the 
system. 

The  induction  or  non-synchronous  generator,  unfor- 
tunately, imposes  a  lagging  current  upon  the  supply 
system,  but  the  power  factor  can  be  brought  within  a 
few  per  cent,  of  unity,  so  that  the  effect  upon  the 
system  may  be  readily  neutralised.  Its  peculiar  elec- 
trical characteristics  impose  limitations  upon  its  general 
use  for  power  station  work,  but  when  employed  in 
conjunction  with  synchronous  apparatus,  such  as  ordi- 
nary alternators,  synchronous  motors  and  rotary  con- 
verters, it  becomes  peculiarly  suitable  for  extension  to 
a  power  system  in  which  the  limit  of  generator  capacity 
has  already  been  reached.  With  the  apparatus  men- 
tioned, particularly  with  synchronous  motors  and 
rotary  converters,  a  sufficient  leading  current  may  be 
impressed  upon  the  system  by  over-exciting  the  fields 
of  these  machines  to  entirely  neutralise  the  effects  of 
the  magnetising  currents  required  by  the  induction 
generator,  so  that,  in  general,  if  existing  apparatus 
is  ample  to  care  for  existing  inductive  loads  with 
reasonable  margin,  the  induction  generator  can  be 
employed  to  great  advantage. 

A  feature  which  is  particularly  favourable  in  render- 
ing it  suitable  for  turbine  driving  is,  that  by  largely 
reducing  the  number  of  poles  the  magnetising  currents 
may  be  largely  reduced.  For  this  reason  the  limita- 
tions of  the  induction  generator  occur  largely  in  the 
direction  of  bulk  rather  than  otherwise.  As  it  must 
operate  at  the  comparatively  high  speed  of  the  turbine 
it  is  thus  possible  to  reduce  the  number  of  poles  to  .a 
few  pairs,  so  that  the  losses  above  mentioned  are 
minimised,  and  the  generator  becomes  commercially 
practicable.  And  as  the  squirrel  cage  construction 
of  the  rotor  is  peculiarly  well  suited  for  high-speed 
work,  we  are  fortunate  in  having  here  one  of  the  few 
cases  in  which  the  electrical  and  mechanical  conditions 
governing  generator  and  prime  mover  are  almost 
exactly  suited  to  each  other.  In  general,  the  higher 
the  speed  at  which  the  machines  can  be  safely  operated, 
the  less  the  material  necessary  and  the  smaller  the 
losses,  resulting  in  an  extraordinary  high  efficiency 
and  power  factor.  » 

For  example,  with  a  two-pole  6o-cycle  induction 
generator  of  500  kilowatts,  running  at  3,600  revolutions, 
the  power  factor  may  be  brought  as  high  as  98  per 
cent,  or  higher  at  full  load,  and  the  total  effil  iency  will 
be  far  greater  than  [thai  'of  present  [generating 
machinery. 


Appendix  IV.  to  Sixth  Report  of  the  Alloys 
Research  Committee. 

THE  EFFECTS  OF  STRAIN  AND  OF  ANNEALING  IN 
ALUMINIUM,  ANTIMONY,  BISMUTH,  CADMIUM, 
COPPER,  LEAD,  SILVER,  TIN,  AND  ZINC. 

Dr.  William  Campbell,  in  his  summary  of  the  above, 
remarks  that  additional  evidence  is  given  that  when 
a  metal  reaches  its  freezing  point  it  begins  to  crystal- 
lise out  from  a  number  of  points  or  centres.  Dendrites 
grow  from  these  centres  and  continue  to  grow  until 
they  meet  others,  when  their  growth  is  obstructed. 
The  more  rapidly  a  metal  cools  past  its  freezing  point, 
the  more  numerous  will  be  the  centres  of  crystallisation, 
and  therefore  the  smaller  will  be  the  structure.  The 
dendrites  continue  to  grow  until  the  whole  mass  becomes 
solid  in  the  form  of  irregularly  bounded  crystals  or 
grains  whose  orientation  varies  from  grain  to  grain. 
In  the  case  of  impure  metals  the  dendrites  which  first 
crystallise  out  are  usually  purer  than  the  mother- 
liquor,  which  freezes  at  a  lower  temperature.  As  a  rule 
equilibrium  is  not  established,  and  so  the  dendrites 
vary  in  composition  from  centre  to  outside,  hence  "their 
structure  is  revealed  when  a  section  is  etched.  Again, 
as  a  rule,  the  metal  contracts  during  solidification,  and 
so  the  mother-liquor  sinks  beneath  the  surface,  leaving 
the  dendrites  standing  out  in  slight  relief.  These 
primary  grains  or  crystals  are  built  up  of  smaller  or 
secondary  grains  which  are  revealed  in  etching.  They 
may  be  compared  with  the  crystals  of  calcite  in  a 
crystalline  limestone  which  break  up  into  small  rhombs 
due  to  their  rhombohedral  cleavage,  or  with  the 
crystals  in  massive  galena  which  break  up  into  cubes 
because  of  their  cubic  cleavage. 

The  effect  of  strain  is  to  produce  a  parallel  slipping 
along  definite  directions,  usually  related  to  the  orienta- 
tion of  the  primary  crystals,  and  also  to  the  direction 
of  strain.  In  some  cases  the  effect  is  seen  in  the  form- 
ation of  one  or  more  systems  of  parallel  slip-lines,  in 
others  in  the  production  of  systems  of  parallel  twin- 
ning. As  Ewing  and  Rosenhain  have  pointed  out,  the 
first  slip-lines  are  perpendicular  to  the  direction  of 
straining,  whereas  further  straining  produces  other 
systems.  When  the  strain  has  been  severe,  as,  for 
instance,  by  rolling  or  hammering,  the  large  primary 
crystals  are  broken  down  and  a  finer  crystallisation 
takes  their  place  ;  the  greater  the  mechanical  work 
upon  the  metal,  the  finer  the  resulting  crystallisation. 

Annealing  causes  the  fine  crystallisation  to  re- 
arrange itself,  and  produces  the  growth  of  crystals, 
whose  size  apparently  depends  to  some  extent  both 
on  the  time  and  temperature  of  annealing  and  the 
thickness  of  the  metal.  In  the  case  of  lead  and  tin 
this  arrangement  was  noticed  to  take  place  at  ordinary 
temperatures,  but  of  course  very  slowly  indeed. 

A    REMARKABLE     LOCOMOTIVE    TESTING    PLANT. 

In  the  course  of  a  fully  illustrated  paper  on  Loco- 
motive Testing  Plants,  Mr.  W.  F.  M.  Goss,  of  La 
Fayette,  Ind.,  contributed  some  interesting  particulars 
of  the  plant  of  the  Pennsylvania  Railroad  System  at 
St.   Louis,   Mo.     The   Pennsylvania   Railroad   System 
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has  this  year  installed,  as  a  portion  of  its  exhibit  in 
the  Department  of  Transportation  at  the  Louisiana 
Purchase  Exposition  at  St.  Louis,  a  locomotive  testing 
plant,  which  is  being  operated  during  the  seven  months 
of  the  Exposition.  At  the  close  of  the  Exposition  the 
plant  will  be  permanently  located  at  the  Altoona 
shops  of  the  Pennsylvania  Company. 

The  general  arrangement  of  the  plant  is  shown 
below.  The  principles  underlying  its  design  are  the 
same  as  those  which  have  controlled  in  the  develop- 
ment of  previous  plants  ;  but  it  is  gratifying  as  it 
is  logical  that  this  latest  development  of  the  testing- 
plant  idea  is  of  greater  capacity  and  far  more  perfect 
in  its  details  than  any  which  have  preceded  it. 

A  continuous  concrete  foundation  carries  the  two 
longitudinal  bed-plates,  A,  and  extends  under  and 
forms  a  part  of  the  pier  supporting  the  traction  dynamo- 
meter. The  bed-plates  are  provided  with  longitudinal 
T-slots,  by  means  of  which  pedestals  carrying  the  axles 
of  the  supporting  wheels  are  mounted.  Two  sets  of 
supporting  wheels  are  supplied,  one  consisting  of  three 
pairs,  72  in.  in  diameter,  for  use  under  passenger 
locomotives  ;  and  the  other  set  of  five  pairs,  50  in.  in 
diameter,    for   use   under   freight    locomotives.     Each 


supporting  axle  has  its  own  pedestal  and  journal  boxes. 
The  supporting  wheels  resemble  in  form,  the  usual 
locomotive  driving  wheels,  having  cast-steel  centres 
with  tyres  held  by  shrinkage  and  by  retaining  rings. 
The  contour  of  the  tyre  is  such  as  to  provide  a  tread 
similar  in  form  with  that  presented  by  the  head  of  a 
rail  ;  outside  of  which  and  separated  from  it  by  a 
wide  groove  is  a  light  flange  designed  to  keep  the 
tread  free  from  oil  which  may  drip  from  the  locomotive 
while  running. 

The  equipment  includes  eight  Alden  brakes,  any  of 
which  may  be  used  upon  any  of  the  supporting  axles, 
the  arrangement  being  such  that  one  or  two  brakes 
may  be  attached  to  an  axle  as  conditions  may  require. 
All  brakes  are  of  the  same  dimensions  and  are  of  the 
two  disc  type. 

An  electric  crane  of  10  tons  capacitv  serves  the 
entire  space  occupied  by  the  plant.  Bv  its  use  the 
supporting  axles  with  their  wheels  and  pedestals  may 
be  easily  moved  about  as  conditions  mav  require. 

Means  for  bringing  the  locomotive  safely  to  its 
position  on  the  plant  form  an  important  part  of  the 
installation,  and  the  facilities  for  securing  observed 
data  are  unusually  complete. 


LOCOMOTIVE   TESTING    PLANT   OF   THE    PENNSYLVANIA    RAILROAD    SYSTEM    AT    THE    LOUISIANA 
PURCHASE    EXPOSITION.      END   ELEVATION. 
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MIDDLESBROUGH    DOCK    ELECTRIC  AND  HYDRAULIC 
POWER    PLANT. 

Mr.  Vincent  L.  Raven,  Chief  Assistant  Mechanical 
Engineer,  North-Eastern  .Railway,  described  the 
installation  and  [the  tests  which  have  been  made  at 
Middlesbrough  Dock,  on  the  North-Eastern  Railway, 
comparing  hydraulic  with  electric  appliances.  These 
are  working  side  by  side,  and  give  an  excellent 
opportunity  for  judging  the  value  of  one  against  the 
other,  so  far  as  economy  in  working  is  concerned. 

The  traffic  department  find  the  electric  cranes  to 
be  a  great  advantage.  There  is  very  little  time 
required  for  oiling,  as  the  crane  has  ring  lubricators  to 
all  main  bearings,  and  the  wheels  run  in  oil-baths 
which  only  require  attention  about  once  a  month. 
The  oil-bath  effectually  prolongs  the  life  of  the  wheels 
and  deadens  any  noise,  which  is  a  great  advantage  to 
the  drivers  in  hearing  instructions.  The  controlling 
of  the  crane  by  one  handle  is  also  a  distinct  advance 
both  over  the  steam  and  the  hydraulic  cranes.  With 
the  steam  cranes  the  driver  had  to  attend  to  four 
levers  and  a  foot-brake,  in  addition  to  the  feed-pump 
and  the  firing  of  the  boiler.  In  the  case  of  the  hydraulic 
crane  two  levers  are  in  use  which  require  considerable 
force. 

The  automatic  cut-out  in  the  electric  cranes  cuts 
off  the  current  in  one  case  at  3  tons  5  cwt.,  and 
the  other  at  10  tons  10  cwt.,  and  this  device  prevents 
an  overload  upon  the  crane.  Should  the  current 
fail  [at  any  time  the  brake  on  the  lifting  gear  is 
applied  automatically,  and  will  hold  the  full  load 
in  any  position  with  safety.  To  obtain  some 
definite  idea  of  the  speeds  of  the  various  cranes  when 
working  under  ordinary  conditions,  they  were  tested 
separately.  The  steam  crane  had  a  load  of  2  tons  put 
on,  and  this  was  lifted  30  ft.,  slued  through  106*5  ft., 
lowered  30  ft.,  light  hook  lifted  30  ft.,  slued  106-5  ft-> 
and  light  hook  lowered  30  ft.  The  total  time  for 
these  operations  was  1  min.  44  sec,  or  at  the  rate 
of  34  cycles  per  hour. 

The  hydraulic  cranes,  under  precisely  the  same  con- 
ditions, occupied  1  min.  40  sec.  per  cycle,  or  equiva- 
lent to  36  cycles  per  hour. 

The  electric  cranes  did  the  sa  .Tie  work  in  64  seconds 
per  cycle,  or  56  cycles  per  hour,  and  this  is  capable  of 
being  increased  beyond  even  this  point  with  a  good 
driver.  Therefore  in  ordinary  working  the  electric 
cranes  are  doing  50  per  cent,  more  work  per  hour 
than  the  hydraulic  or  steam  cranes.  On  actual  test 
it  was  found  that  the  electric  cranes  can  be  released 
from  the  rails,  travelled  30  ft.,  and  re-fi>ed  to  rails  in 
3  minutes. 

When  it  has  been  necessary  to  move  the  h)draulic 
cranes  to  suit  the  working  into  the  various  ships' 
holds,  six  men  have  had  to  be  called  one  hour  earlier 
in  the  morning  to  set  the  four  cranes  which  are  required 
for  each  vessel.  With  the  electric  cranes  the  men 
have  not  to  be  called  earlier,  as  two  nun  in  summer 
and  four  in  winter  can  disconnect  am!  C6nne<  t  ii|>  four 
Cranes  in  15  minutes.  In  winter,  on  frosty  nights, 
four  men  have  been  employed  six  hours  each  tor  the 
purpose  of  keeping  ores  to  prevent  water  in  the  cybi 


of  the  hydraulic  cranes  from  freezing  ;  on  the  other 
hand,  the  electric  cranes  have  no  need  of  this.  When 
a  steam  crane  had  to  be  got  ready  for  work,  the  driver 
had  to  commence  one  hour  earlier  in  order  to  obtain 
steam,  whereas  the  hydraulic  and  electric  cranes  are 
ready  for  work  at  any  moment. 

INGENIOUS  ENGLISH  LOCOMOTIVE   TESTING    PLANT. 

A  description  was  furnished  by  Mr.  G.  J.  Church- 
ward, of  the  ingenious  testing  plant  which  has  been 
installed  at  Swindon. 

The  Great  Western  Railway  Company  have  recently 
put  down  in  their  erecting  shop  at  Swindon  a  plant  for 
testing  locomotives.  This  machine  consists  of  a  bed 
made  of  cast-iron,  bolted  on  a  concrete  foundation, 
with  timber  baulks  interposed  for  the  lessening  of 
vibration.  On  this  bed  five  pairs  of  bearings  are 
arranged  to  slide  longitudinally  so  that  they  may  be 
adjusted  for  any  centres  of  wheels  that  are  to  be  put 
upon  the  plant.  In  these  bearings  axles  are  carried 
having  wheels  fitted  with  steel  tyres,  on  which  the 
locomotive  runs. .  These  axles  are  also  fitted  with 
drums  on  which  band-brakes  act  for  absorbing  wholly 
or  in  part  the  power  developed  by  the  engine.  Outside 
these  band-brakes  pulleys  having  an  18  in.  face  are 
provided  at  each  end  of  the  axle  for  driving  link- 
belts,  by  which  it  is  intended  to  transmit  the  major 
portion  of  the  power  developed  by  the  engine  to  air- 
compressors  so  that  it  may  not  be  wasted. 

The  hydraulic  brakes  will  then  only  absorb  just 
enough  power  to  enable  them  to  govern  the  speed  of 
the  engine.  These  brakes  are  actuated  by  a  water- 
supply  from  an  independent  pump,  the  outlet  of  this 
water-supply  being  throttled  either  by  a  stop-valve 
or  by  a  throttle  actuated  by  a  centrifugal  governor. 
This  latter  device  enables  the  speed  of  the  engine  to 
be  set  at  any  required  number  of  revolutions  and  kept 
constant. 

The  carrying  wheels  are  4  ft.  i-J-  in.  diameter.  The 
main  bearings  are  14  in.  long  by  9  in.  diameter.  The 
tyre  of  the  carrying  wheels  is  turned  to  approximately 
the  same  section  on  the  tread  as  the  rails  in  use  on  our 
line.  This  plant  is  intended  not  only  for  the  purpose 
of  scientific  experiment,  but  also  to  do  away  with  the 
trial  trips  of  new  and  repaired  engines  on  the  main  line. 

Under  the  platform  a  dynamometer  enables  the 
drawbar  pull  of  the  engine  to  be  taken,  and  this, 
together  with  counters  on  the  wheels,  will  enable  the 
actual  drawbar  horse-power  to  be  measured,  and  so 
compared  with  coal  and  water  consumption  for  various 
classes  of  engines.  As  engines  of  different  lengths  are 
to  be  tested,  and  of  necessity  have  to  be  fixed  at  the 
trailing  end  to  the  dynamometer,  it  is  necessary  to 
have  a  sliding  chimney  for  carrying  off  the  steam  and 
smoke  from  the  engine  when  running.  This  has  been 
provided  in  the  form  of  a  long  box,  having  a  steel  plate 
running  on  rollers  forming  its  lower  surface,  which  plate 
carries  a  large  bell-mouthed  chimney.  This  box  not 
Only  enables  the  chimney  to  slide  longitudinally,  but 
will  also  form  a   r<  tor  ashes  and   any   other 

Ti1.1t  t  *  -  t  ejected  1  >>-  the  engine,  which  will  he  retained 

and  can   be  examined  both  for  quantity  and  quality. 


FORTIETH    GENERAL    MEETING. 


ABOUT  eighty  members  of  the  Institution  of 
Mining  Engineers  assembled  in  London 
for  the  Fortieth  General  Meeting,  which  opened 
at  the  Rooms  of  the  Geological  Society,  in 
Piccadillv,  Mr.  James  Cope  Cadman  (President) 
taking  the  chair.  The  meeting  extended  over 
two  days,  some  of  the  papers  being  read  con- 
currently in  the  Rooms  of  the  Royal  Astro- 
nomical Societv.  under  the  Chairmanship  of 
Mr.  H.  C.  Peake  and  Mr.  G.  A.  Mitchell. 
Among  those  present  were  : — 

Messrs.  F.  R.  Atkinson,  James  Barrowman,  B.  H. 
Brough,  Elmslev  Coke.  M.  Deacon,  A.  Carrington 
Fowler,  J.  Gerrard.  R.  Guthrie,  A.  Hassam  H.  Richard- 
son Hewitt.  J.  A.  Hood,  W.  B.  L.  Jackson.  C.  T.  Leach. 
G.  A.  Lewis  Will  Logan.  J.  A.  Longden.  Henrv  Louis, 
J.  Mevin,  J.  Moiison,  H.  B.  Nash,  H.  Palmer,  H.  C. 
Peake.  W.  H.  Pickering,  H.  Richaidson,  A.  Smith. 
T.  Turner  and  J.  G.  Weeks — members  of  Council. 

Others  present  were  :  Messrs.  S.  Alsop,  W.  Arm- 
strong, E.  T.  Bailev,  H.  Bannerman,  Ellis  Barraclough, 
M.  Walton  Brown  (Secretary),  H.  T.  Burls,  G.  M. 
Capell,  W.  S.  Cheesman.  C.  L.Corlett,  C.  B.  Crawshaw, 
Thos.  Douglas,  C.  Chetwynd  Ellison,  T.  English,  T. 
Lindsav  Gallowav,  G.  A.  Greener.  Henrv  Hall,  A.  M. 
Hanshaw,  R.  Holiday.  G.  H.  Hollingwofth,  W.  B.  M. 
Jackson,  Herbert  A.  Jones,  C.  C.  Leach,  W.  Wrench 
Lee,  G.  O.  Lewis,  R.  H.  Longbotham,  D.  A.  Louis, 
George  May,  Mansfeldt  Miller,  D.  Page.  D.  H.  Patchell, 
H.  Perkin,  Douglas  Pigot.  W.  Prile,  H.  D.  Rodriguez, 
D.  L.  Selbv-Bigge,  E.  Sevmour-Wood,  F.  R.  Simpson, 
G.  P.  Simpson,  A.  Smith,  H.  S.  Smith,  W.  H.  Trewartha- 
James,  Sydney  F.  Walker,  W.  Wilkinson,  W.  B.  Wilson, 
and  T.  P.  Osborne  Yale. 

PRESIDENTIAL     ADDRESS. 

The  President,  in  the  course  of  his  address,  referred 
to  the  satisfactory  progress  of  the  Institution,  which 
had  now  a  membership  of  2,68S,  including  a  consider- 
able number  of  foreign  and  Colonial  members.  During 
the  year  no  less  than  79  papers  had  been  read  and 
discussed,  and  notes  on  1 20  papers  had  been  received 
from  foreign  and  Colonial  societies.  He  proceeded  to 
announce  that  the  Manchester  Geological  Society  had 
joined  their  ranks,  and  expressed  the  hope  that  other 
societies  would  do  the  same.  He  particularly  referred 
to  the  South  Wales  Institution  and  the  Institution  of 
Mining  and  Metallurgy,  which  were  doing  admirable 
work.  He  looked  forward  to  the  time  when  their 
Institute  would  be  to  the  mining  world  what  the 
Iron  and  Steel  Institute  was  to  the  iron  and  steel 
industry,   and  saw  no  reason  why  their  transactions 


should  not  be  issued  with  the  same  regularity  and  much 
on  the  same  lines  as  the  institution  referred  to. 

Discussing  the  Royal  Commission  on  Coal  Supplies, 
he  said  their  final  report  was  awaited  with  interest,  and 
would  probably  show  an  increased  quantity  of  available 
coal  remaining  to  be  got  compared  with  that  given  in 
the  report  of  the  last  Commission,  although  made  33 
years  ago,  on  account  of  the  considerable  extensions 
which  had  been  discovered  in  many  of  the  coalfields. 
In  order  to  delay  the  time  when  coal  would  be  imported 
into  this  countrv  at  a  less  cost  from  extensive  and 
improved  fields  abroad,  he  advocated  a  more  economic 
use  of  fuel.  By  sorting,  sizing  and  washing  to  a  refined 
degree  he  had  known  cases  where  the  value  of  certain 
small  coals  had  been  increased  by  200  per  cent.  The 
question  was  a  very  serious  one  in  collieries  working 
soft  bituminous  coals,  yielding  large  percentages  of 
small,  and  the  necessity  for  the  employment  of  such 
a  plant  was  very  obvious. 

As  to  the  report  of  the  Departmental  Committee  on 
Electricity  in  Mines,  it  was  pleasing  to  note  that  the 
Commissioners  did  not  recommend  any  restrictions 
that  would  be  likely  to  hamper  the  development  of  a 
source  of  power  which  bade  fair  to  become  an  essential 
feature  in  the  economic  mining  operations  of  the  future. 
The  effect  that  electrical  power  would  play  in  the  future, 
owing  to  its  adaptability  and  efficiency,  would  no  doubt 
be  revolutionarv.  He  anticipated  the  adoption  of 
central  power  stations  with  gas  engines  driven  by 
producer  gas  working  electric  generators,  from  which 
power  would  be  distributed  to  the  whole  of  a  colliery, 
thus  doing  away  with  steam  boilers  and  engines,  and 
ung  the  number  of  gigantic  chimney  stacks.  (Hear, 
hear.)  The  President  also  alluded  with  satisfaction  to 
the  progress  of  technical  education,  and  the  opening 
of  colleges,  technical  schools,  or  County  Council  classes, 
in  nearly  all  the  mining  centres  of  Great  Britain.  They 
had  received  considerable  support  and  encouragement 
from  the  Institution,  but  it  was  a  work  which  was 
more  or  less  of  a  national  character,  and  much  more 
help  should  be  given  by  the  Government  ;  it  might 
even  be  suggested  that  a*  moiety  of  the  tax  levied  upon 
the  export  of  coal  might  very  fittingly  be  allotted  for 
this  subject.  The  President  referred  with  satisfaction 
to  the  Bill  recently  brought  into  force  allowing  two 
years  of  the  time' spent  at  a  recognised  college^  to 
count  in  the  statutory  period  required  by  the  Coal 
Mines  Regulation  Act  in  qualifying  for  the  certificate 
of  competency.  He  then  touched  upon  the  question 
of  ankylostomiasis,  the  increasing  output  of  coal 
mined  in  the  United  Kingdom,  and  the  question  of 
railway  rates. 

The  President  received  a  hearty  vote  of  thanks  for 
his  addre- 
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Page's   Magazine. 


COAL  MINING  IN  THE  FAROE 
ISLES. 

TV/f  R.  G.  A.  GREENER  read  a  paper  Showing 
^yA  the  conditions  which  obtain  at  the  coal 
fields  of  the  Faroe  Islands  : — 

Coal  has  been  found  on  four  of  the  islands,  namely  : 
Myggenaes,  Gaasholm,  Vaago  and  on  Sudero.  The 
deposits  are  not  extensive,  except  those  in  the  latter 
island. 

The  Faroe  Islands  are  of  volcanic  origin.  About 
10  miles  west-south-west  of  Sudero  is  the  Faroe-bank, 
a  large  level  plateau  covered  by  about  50  to  70  fathoms 
of  water.  On  the  eastern  side  of  this  bank,  about 
eight  miles  south  62  degrees  west  of  Sudero,  there  is 
a  large  depression  over  200  fathoms  deep,  and  between 
the  plateau  and  the  island  there  are  vertical  rocks 
covered  by  80  to  100  fathoms  of  water.  This  appears 
to  have  been  the  seat  of  the  volcano,  and  its  ejected 
lava  formed  the  basalt  rock,  which  is  the  seat  or 
foundation  of  the  coal  formation.  The  ejection  of 
lava  from  this  volcano  ceased,  the  basalt  was  covered 
with  clay,  and  vegetable  materials  grew  on  this  clay, 
where  they  are  now  found  in  the  form  of  coal.  Later, 
this  volcano  resumed  its  activity,  and  the  whole  of 
the  islands  were  covered  by  immense  beds  of  lava. 

The  eastern  coast  is  indented  with  several  deep 
inlets  or  fjords,  making  excellent  harbours.  Trangis- 
vaag  fjord  is  a  splendid  deep-water  port,  approxi- 
mately four  miles  long  by  one  mile  broad.  The  coal- 
seams  occur  in  the  mountains  surrounding  this  fjord 
and  that  of  Qvalbo,  in  the  north  of  the  island.  There 
is  one  workable  seam  over  the  area  of  over  6,000  acres 
of  this  coal-field,  and  there  is  evidence  of  the  occur- 
rence of  other  seams. 

The  coal  is  worked  by  adit-levels  driven  into  the 
hillside,  thus  avoiding  the  heavy  expenditure  of  shaft 
sinking.  The  mode  of  working  is  long  wall,  and  very 
little  timber  is  necessary  as  the  roof  is  good  and  strong. 
Up  to  the  present,  there  have  been  no  signs  of  inflam- 
mable gas,  and  little  water  has  been  encountered.  The 
miners  are  mostly  Swedes,  and  all  surface  and  offhand 
labour  is  done  by  Faroemen,  but  it  is  anticipated  that 
in  the  future  the  latter  will  become  capable  miners. 
The  seam  yields  two  classes  of  coal,  viz.  :  (i)  A  bright 
coal,  similar  to  Welsh  anthracite,  breaking  with  a 
conchoidal  fracture,  and  not  soiling  the  fingers  when 
touched  ;  and  (2)  a  coal  similar  to  English  seam  coal. 
The  leading  feature  of  the  coal  is  its  almost  smokeless 
quality. 

The  paper  was  followed  by  a  brief  discussion,  in 
which  Mr.  H.  Mills,  Mr.  H.  Richardson  and  Professor 
Henry  Louis  joined. 


TIN    MINING    IN    THE    STRAITS 
SETTLEMENTS. 

HINT8    ON    CHINESE    LABOUR. 

A  PAPER  by  Mr.  W.  T.  Saunders  on  "  Tin 
Mining  in  the  Straits  Settlements"  was 
read  by  the  Secretary.  It  contained  some 
practical  hints  on  Chinese  labour  : — 

Alluvial  mining  is  carried  on  almost  entirely  on 
the  western  side  of  the  peninsula,  although  large  bodies 
of  alluvial  tin  are  known  to  exist  on  the  eastern  side. 
Some  of  these  eastern  areas  in  the  State  oJ  Pahang 
have  recently  been  leased  from  the  (.overnment  for 
the  purpose  of  extensive  working. 


Lode  mining  is  in  operation  on  the  eastern  side. 
The  principal  mines  belong  to  the  Pahang  Corporation, 
Ltd.;  the  Pahang  Kabang,  Ltd.;  the  Royal  Johore; 
and  the  Bundy. 

The  most  important  mines  are  wrought  by  the 
Pahang  Corporation,  Ltd.,  and  the  Pahang  Kabang, 
Ltd.  These  mines  are  situated  about  40  miles 
up  the  river  Kwantan  from  the  port  of  Kwantan. 
Transport  is  carried  on  by  steamer  from  Singapore  to 
the  port  of  Kwantan — a  distance  of  about  225  miles 
— and  thence  to  the  mines  by  boats  worked  by  Malays. 

The  principal  workings  of  the  Pahang  Kabang, 
Ltd.,  are  on  Fraser's  lode,  present  supplies  being 
drawn  from  above  adit-level.  A  shaft  is  now  being 
sunk  on  this  lode  for  deep  developments.  Another 
shaft  is  also  being  sunk  on  the  Myah  lode. 

The  formation  is  slate,  the  tin-bearing  ground  tra- 
versing the  country-rock  in  an  east-and-west  direction. 
The  lodes  have  a  varying  dip,  sometimes  to  the  north 
and  sometimes  to  the  south.  They  vary  greatly  in 
thickness,  and,  for  the  most  part,  are  undefined  by 
any  distinct  walls. 

The  stone  from  both  mines  is  crushed  in  the  same 
mill.  The  mineral  is  conveyed  from  the  mines  to  the 
mill  by  a  tramway  of  2-ft.  gauge,  worked  by  two  small 
locomotives. 

The  mill  comprises  a  stamp-battery  with  60  heads 
of  850  lb.,  vanner  tables,  buddies,  grinding-pans, 
furnaces,  etc.  The  monthly  crushing  averages  about 
3,500  tons.  The  stone  varies  greatly  in  value,  the 
Pahang  Corporation,  Ltd.,  running  from  2  to  2J  per 
cent.,  and  the  Pahang  Kabang,  Ltd.,  bearing  rather 
less  to  the  ton. 

The  oxide  carries  from  71  to  72  per  cent,  of  metal, 
which  is  a  very  high  value  compared  with  Cornwall, 
where  tin-ore  is  rarely  dressed  higher  than  65  per 
cent. 

CHINESE    LABOUR. 

The  labour  is  practically  all  Chinese.  The  native 
Malay,  with  very  few  exceptions,  is  absolutely  useless 
for  any  work  other  than  boating  and  procuring  timber 
suitable  for  mining  and  structural  purposes.  The  cost 
and  the  difficulty  of  obtaining  timber  have  greatly 
handicapped  the  development  of  the  mines. 

The  Chinese  are  procured  from  agents  in  Singapore 
for  £5  to  £6  per  man,  and  are  brought  to  the  mines 
under  an  agreement  to  work  300  days.  In  compliance 
with  their  agreement,  they  are  supplied  with  food  and 
clothes,  and  sufficient  money  to  purchase  tobacco  or 
opium.  At  the  end  of  this  agreement,  they,  in  nearly 
every  instance,  continue  in  the  service  of  the  company 
as  free  men,  and  not  infrequently  (for  them)  build  up 
big  fortunes.  As  free  labourers,  they  start  at  a  wage 
equivalent  to  about  8d.  per  day,  and  advance  as  they 
become  proficient  as  fitters,  engine-drivers,  miners, 
tin-dressers,  etc.,  to  £3  to  £5  per  month,  and  on  con- 
tract-work frequently  make  considerably  more.  Some 
of  the  expert  fitters  are  paid  from  £6  to  £8  per  month. 

Whenever  practicable  all  work  is  let  by  contract, 
the  management  dealing  with  the  contractors,  who 
engage  their  own  gangs  of  labour  and  purchase  their 
own  tools,  explosives,  etc.,  from  the  company's  stores, 
which  are  well-stocked  with  all  necessary  materials. 
The  contract-price  of  driving  levels  runs  from  £4  to 
£7  per  fathom  (according  to  the  nature  of  the  rock). 
When  the  driving  is  done  by  machine-drills,  the  task 
is  done  by  day-work,  under  constant  European  super- 
vision. 

The  ordinary  Chinese  coolie,  coming  straight  from 
China,  being  unaccustomed  to  the  class  of  work  (and 
method  of  doing  it)  to  which  he  is  put  under  European 
supervision,    has   to   learn    everything    from    the  very 
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beginning,  with  the  disadvantage  of  being  unable 
to  understand  any  European  language  and  Euro- 
peans being  equally  unable  to  understand  Chinese, 
for  very  few  Europeans  can  speak  the  Chinese 
language. 

In  the  Straits  Settlements,  the  language  universally 
spoken  is  Malay,  and  it  is  easily  and  quickly  acquired 
by  both  Europeans  and  Chinese. 

Like  most  (if  not  all)  other  races,  the  Chinaman  is 
not  a  good  workman  when  working  by  the  day — in 
fact,  he  is  inefficient  ;  but.  when  working  on  contract 
or  paid  by  results,  he  is  an  excellent  workman  and 
capable  of  performing  a  fair  day's  work.  He  is,  how- 
ever, very  apt,  and  quickly  acquires  the  method  of 
doing  work  according  to  European  ideas. 

A  good  trait  of  the  Chinese  labourer  is  that  when 
justlv  punished  he  bears  no  ill-will.  It  may  be  men- 
tioned, however,  that  whatever  punishment  a  Euro- 
pean might  inflict  upon  him  for  an  offence,  it  is 
infinitesimal  when  compared  with  the  punishment 
meted  out  to  him  in  his  own  countrv. 

From  a  European  point  of  view,  the  Chinese  are, 
perhaps,  decidedly  cruel  amongst  themselves,  but  one 
must  bear  in  mind  the  fact  that  thev  are  a  people 
of  a  different  race,  and  as  regards  nerves,  tempera- 
ment, etc.,  it  must  be  remembered  that  they  are  very 
differently  constituted  from  Europeans.  The  most 
satisfactory  punishment  for  wrong-doing  is  financial, 
that  is,  to  stop  a  portion  of  their  pay.  or  to  fine  them. 
They  feel  a  fine  more  severely  than  any  other  form  of 
punishment. 

The  usual  food  of  the  Chinese  is  rice,  salt  and  fresh 
fish,  pork,  poultry  (especially  ducks),  and  dried  fruits 
and  vegetables  from  their  own  countrv.  Unlike 
Mohammedans  and  many  of  the  Indian  races,  their 
religion  does  not  prohibit  them  eating  any  food  which 
takes  their  fancy,  and  they  quickly  accustom  them- 
selves to  vegetables  and  meat  produced  in  the  country 
of  their  adoption. 

The  system  usually  adopted  of  feeding  coolies  is  to 
allow  the  Mandor  (equivalent  to  a  European  foreman) 
a  certain  amount  of  food  and  money  to  feed  the  gang  in 
his  kongsi  (or  building  in  which  they  are  housed). 
Should  these  remarks  be  read  by  anyone  employing 
Chinese  labour  and  not  accustomed  to  it,  the  writer 
would  strongly  advise  that  a  sharp  eye  be  kept  upon 
the  feeding  of  the  coolies.  Fear  of  the  Mandor,  and 
inability  to  express  themselves  properly  in  a  European 
language,  may  for  a  considerable  time  prevent  the  fact 
of  their  being  underfed  and  the  Mandors  making  money 
on  the  food-allowance  from  coming  under  the  notice 
of  the  Europeans  in  charge. 

In  the  Straits  Settlements,  where  most  of  the  work 
is  done  by  contract,  the  contractor  takes  over  his 
coolies  from  the  company,  paying  whatever  they  have 
cost  for  them.  This  is  the  best  system  for  evervone 
concerned,  as  the  contractor  is  alive  to  the  fact  that 
a  badly  fed  coolie  cannot  work  efficiently,  and  also, 
if  he  falls  sick  or  dies,  it  is  a  considerable  loss  to  the 
contractor  personally.  In  the  case  of  coolies  employed 
at  odd  work  (and  in  a  mine  or  works  a  large  number 
are  usually  so  employed),  a  sharp  eye  should  be  kept 
on  the  food,  etc.,  supplied  to  them,  as  the  Chinese 
Mandor  is  indifferent  to  their  condition  of  health,  he 
suffers  no  loss  if  they  die,  and,  in  nearly  everv  case, 
he  will  make  as  much  as  he  can  out  of  the  coolies 
unless  carefullv  watched. 

The  principal  ailments  of  coolies  in  tropical  and  hot 
countries  are  malaria,  acute  diarrhoea,  dysenterv,  and 
beri-beri  —  a  disease  peculiar  to  Asiatic  and  African 
races,  in  which  the  symptoms  are  much  the  same  as 
dropsy.     Mosquito  bites  also  cause  trouble. 


The  writer  remarks  that  it  would  be  money 
well  spent  if  the  Chinese  were  assisted  with 
money  grants  in  the  building  of  a  joss  house 
(a  house  of  religion).  A  few  tom-toms  and 
musical  instruments  should  be  kept  in  each 
kongsi.  affording  them  a  means  of  recreation, 
when  the  day's  work  is  done.,  keeping  them 
more  or  less  contented  and  happy,  and  to  some 
extent  preventing  them  from  seeking  other 
and  undesirable  forms  of  amusement. 


UNDERGROUND  TEMPERATURES, 
ESPECIALLY   IN  COAL  MINES. 

THE    SOURCES    OF    HEAT    IN    COAL    SEAMS. 

THE  next  paper,  read  by  the  Secretary,  was 
that  of  Prof.  Hans  Hoefer  on  "  Under- 
ground Temperatures,  especially  in  Coal  Mines." 
This  paper  was  the  outcome  of  observations 
made  by  the  Professor  in  order  that  the  Karls- 
bad and  Teplitz  hot  springs  might  be  pro- 
tected from  any  possible  interference  by  the 
working  of  the  coal  mines  in  the  district. 

The  question  now  arose  whether  this  warmth 
was  really  belonging  to  the  coal-seam,  or  whether 
it  might  not  be  connected  with  the  volcanic 
phenomena  of  this  district,  which,  having  begun 
with  the  eruption  of  basalts,  phono lites  and 
tephrites  in  Teritary  age,  are  now  gradually 
approaching  their  completion  in  the  hot-springs 
of  Karlsbad  and  Teplitz.  and  in  the  acid  springs 
of  Bilin.  Krondorf-Gieshubel,  and  Franzensbad. 
He  records  that  the  abnormally  high  tempera- 
tures in  the  neighbourhood  of  Dux  and  Briix 
cannot  possibly  be  accounted  for  by  the  in- 
fluence of  the  thermal  springs — on  the  contrary 
the  seam  itself  contains  a  large  amount  of 
natural  heat. 

It  is  universally  accepted  that  coal  has  been  formed 
from  plants  which  have  successively  become  turf, 
lignite,  and  brown  coal,  and  which  have,  respectively, 
become  black  coal  and  anthracite.  This  metamor- 
phosis is  called  carbonisation.  By  means  of  it,  the 
carbon  is,  comparatively  speaking,  accumulated  by 
more  hydrogen  and  oxygen  being  separated.  The 
products  of  this  disintegration  are  water,  carbon 
dioxide  and  marsh-gas  (methane  or  CH4),  all  of  which, 
in  fact,  issue  from  coal-seams.  It  has  been  proved 
in  north-west  Bohemia  that  the  gas  issuing  from 
brown  coal  contains  a  comparatively  large  amount 
of  carbonic  acid — certainly  more  than  that  contained 
in  black  coal.  The  carbon  dioxide  (C02)  is  a  proof 
that  an  oxidation  of  carbon,  a  so-called  silent  com- 
bustion goes  on  during  which  heat  is  developed.  In 
the  formation  of  methane  (CHJ,  too,  great  quantities 
of  heat  are  given  off.  We  have  then  here  already  two 
important  sources  of  heat  in  coal-seams,  and  the  task 
now  before  us  is  to  judge  of  it  as  to  quantity. 

Mr.  F.  Toldt,  a  friend  of  the  writer's,  undertook 
this   calculation,   and  found  that,   in  the  case  of  the 
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formation  of  i  kilogramme  of  brown  coal  from  cellulose 
4,048  calories  were  liberated,  but  in  the  transformation 
of  brown  coal  into  black  coal  only  1,407  calories. 

FURTHER    CONCLUSIONS. 

(1)  The  process  of  carbonisation  does  not  always 
develop  an  equal  amount  of  heat,  that  at  the  brown 
coal  stage  greater  quantities  of  heat  are  developed,  and 
that  therefore  brown  coal-seams  must  possess  more 
natural  heat  than  black  coal-seams. 

(2)  As  the  heat  liberated  in  black  coal  took  a  very 
long  time  to  develop,  therefore  it  could  communicate 
it  more  equally  to  the  neighbouring  rocks,  and  is 
therefore  less  perceptible  in  the  seams.  Such  a  seam 
may  be  compared  to  an  oven  in  which  a  fire,  formerly 
kindled,  only  remains  as  a  glow  on  the  point  of  extinc- 
tion, while  at  the  brown-coal  stage  it  may  be  compared 
to  an  over-heated  oven. 

The  great  natural  heat  of  the  north-west  Bohemian 
brown  coal-seam  makes  itself  felt  to  the  great  incon- 
venience of  the  miner,  as  not  only  because  the  work 
done  is  less  efficient,  but  also  because  during  the 
process  of  carbonisation  a  large  quantity  of  methane, 
or  fire-damp,  is  thrown  off.  This  necessitates  a  large 
amount  of  fresh  air  being  brought  in  which,  however, 
facilitates  the  oxidation  or  silent  combustion  of  the 
already  hot  brown  coal,  so  that  fires  in  mines  may 
easily  occur.  In  north-western  Bohemia,  therefore, 
one  is  always  exposed  to  the  danger  of  a  fire-damp 
explosion  on  the  one  hand  and  a  fire  in  the  mine  on 
the  other.  The  task  of  the  mining  engineer  is  to  steer 
between  these  difficulties. 

In  the  Briix  valley,  they  are  only  working  one  seam 
about  30  metres  (100  ft.)  in  thickness. 

If  we  summarise  the  foregoing  conclusions,  the  fact 
remains  (so  often  confirmed  that  we  may  consider  it 
to  be  established),  that  certain  coal-seams  of  the  lower 
Miocene  strata  in  the  east  as  well  as  in  the  west  of 
north-western  Bohemia,  contain  an  unusual  degree  of 
natural  heat  on  being  first  opened,  which  can  only 
be  accounted  for  by  a  certain  stage  in  the  process  of 
carbonisation  and  by  the  low-conducting  power  of 
the  neighbouring  clay  formation. 

This  fact,  which  was  of  scientific  as  well  as  of 
practical  interest,  caused  the  Austrian  Agricultural 
Minister  to  institute  a  similar  inquiry  in  all  the  Austrian 
mines — as  well  in  brown  as  in  black  coal,  and  especially 
in  those  places  where  shafts  or  cross-cuts  had  been 
driven  towards  a  seam.  Good  maximum  thermometers 
mounted  in  brass,  with  large  mercury  bulbs  and 
degrees  marked  in  o-i  were  used  for  the  measurements. 

The  author  reproduces  the  directions  issued  by  the 
Minister  of  Agriculture  and  the  Government  Board  of 
Mines  in  order  to  eliminate  sources  of  error  as  far  as 
possible,  and  to  investigate  the  causes  of  disturbance 
of  the  normal  distribution  of  heat  in  the  earth. 

In  the  course  of  the  ensuing  discussion,  Mr.  Bennett 
H.  Brough  said  it  appeared  that  in  that  part  of  Austria 
for  some  years  past  there  had  been  a  good  deal  of 
conflict  and  acrimony  between  the  authorities  who  had 
charge  of  the  springs,  and  the  coal  miners,  it  being 
alleged  that  the  collieries  were  tapping  the  Karlsbad 
spring,  which  had  been  such  a  marvellous  source  of 
wealth  to  the  district.  The  coal  miners  said  they  were 
doing  nothing  of  the  sort,  and  thai  the  hot  water  they 
met  with  in  the  collieries  had  nothing  whatever  to  do 
with  the  hot  springs,  and,  of  course,  Dr.  Hoofer's  views 
represented  the  views  of  the  coal-mining  side.  But  a 
paper  was  recently  published  in  the  Transactions  ol  the 
Austrian  Geological  Survey  giving  quite  the  opposite 
view  and  blaming  the  coal  miners  for  what  they  were 
doing.      It  would    be   rather  premature,   to  torm  an 


absolute  opinion  as  to  what  the  truth  was,  but  one 
would  watch  with  very  great  interest  the  results  of  the 
elaborate  inquiry  of  the  Austrian  Government. 


THE    HAMMER-FENNEL     TACHYO- 
METER   THEODOLITE. 

A  PAPER  by  Mr.  Adolphus  F.  Eoll  described 
the  above  instrument,  which,  he  remarks, 
might  be  more  adequately  designated  the  tachy- 
tacheometer,  since  by  one  sight  both  the  dis- 
tance and  the  difference  of  altitude  can  (with 
D — Constant  =  100,  and  h — Constant  =  20)  be 
practically  read  from  a  vertically  held  staff — 
thus  reducing  tacheometric  operations  to  the 
simplicity  of  ordinary  levellings — affording  there- 
by a  great  saving  of  time  and  labour,  and 
accordingly  rendering  general  tacheometry  more 
productive  without  any  sacrifice  in  accuracy. 

The  characteristic  feature  of  this  instrument 
is  that,  resting  upon  a  trunnion  of  the  Porro- 
telescope  and  close  to  an  aperature  in  its  tube  is 
a  diagram  of  certain  curves  (on  glass,  similar 
to  a  magic-lantern  slide),  which  can  be  viewed, 
at  the  same  time  as  the  tacheometer-staff,  by 
means  of  the  extra  optical  system  provided 
within  the  tube  of  the  telescope. 

The  tachy-tacheometer  is  made  by  Messrs. 
Otto  Fennel  Sonne,  in  Cassel.  A  description  of 
the  instrument,  by  Prof.  E.  Hammer,  has  been 
published  as  a  pamphlet,  and  it  has  also  been 
described  in  various  German  technical  periodicals 

The  instrument  is  not  limited  for  use  only  with 
staves  bearing  metrical  graduations  :  the  use 
being  independent  of  the  unit  of  measurement ; 
and  this,  in  addition  to  the  special  features 
alluded  to  above,  induces  the  writer  to  predict 
that  it  will  be  largely  used  in  the  future. 


THE    USE    OF    ELECTRICITY    IN 
MINES. 

MR.  S.  F.  WALKER  read  an  able  paper  on 
the  "  Report  of  the  Departmental  Com- 
mittee on  the  use  of  Electricity  in  Mines." 
After  a  reference  to  the  thoroughly  practical 
nature  of  the  investigation,  and  the  liberal 
spirit  embodied  in  the  Report,  he  remarks  that 
a  perusal  of  the  latter  leaves  one  with  a  feeling 
that  the  fear  which  was  so  commonly  expressed, 
when  the  inquiry-was  first  instituted,  that  the 
development  of  the  use  of  electricity  in  coal- 
mines would  be  restricted,  was  unfounded. 

THE    PROPOSED    SPECIAL    RULES. 

In  the  proposed  Special  Rules,  however,  the  liberal 
sentimfnts  expressed  in  the  Report,  ami  the  practical 
line  taken  m  the  inquiry   appear  to  have  been  given  a 
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second  place.  The  fears  which  were  expressed  at  the 
commencement  of  the  inquiry  will  have  a  very  sub- 
stantial foundation,  if  the  proposed  Special  Rules 
become  law. 

The  first  thing  which  strikes  an  observer  is  the 
great  length  of  the  proposed  rules.  Considering  the 
present  number  of  the  General  and  Special  Rules,  it 
would  have  been  thought  that  a  few  simple  rules 
covering  the  main  lines  upon  which  electrical  develop- 
ment will  proceed,  would  have  been  sufficient  for  the 
purpose  in  hand,  namely  :  The  protection  of  life  and 
property.  A  few  simple  rules,  on  these  lines,  would 
be  of  great  service  to  the  colliery  manager.  A  number 
of  rules,  such  as  those  suggested,  can  only  be  a  great 
hindrance,  and  must  lead  to  the  throttling  of  the 
development  of  the  use  of  electricity.  The  writer 
submits  a  few  simple  rules,  which  he  suggests  will 
meet  the  objects  the  committee  had  in  view. 

Incidentally  he  remarks  that  the  rules  that  are 
adopted  should  be  specially  adapted  to  the  conditions 
of  mining,  and  that  it  would  be  wise  to  break  away 
from  departmental  tradition  on  the  one  hand,  and 
to  avoid  a  slavish  imitation  of  methods  in  other 
branches  of  industry  where  electricity  is  employed. 
Grave  mistakes  have  been  made  in  the  development 
of  electricity  in  the  lighting  of  towns,  and  in  power 
distribution,  and  the  success  which  has  attended  those 
industries,  not  always  financially  great,  have  been  in 
spite  of  these  grave  errors.  If  they  are  to  be  carried  ' 
into  mining  work,  the  results  may  be  disastrous. 

The  division  of  installations  into  low,  medium,  high 
and  extra-high  pressures,  is  good  for  the  Board  of 
Trade,  for  work  that  they  have  to  supervise,  though 
British  electrical  engineers  complain  bitterly  of  the 
way  in  which  the  industry  has  been  cramped  bv 
Parliamentary  action  and  Board  of  Trade  supervision  ; 
but  for  mining  work  the  division  renders  the  work  of 
the  colliery  manager  additionally  and  needlessly  puzz- 
ling. Many  of  the  rules  for  medium  pressures  should 
be  applied  equally  to  low  pressures,  if  the  maximum 
security  is  to  be  obtained  ;  and  again,  many  of  the  rules 
for  medium  pressures  are  repeated  for  high  pressures, 
as  though  they  were  applicable  only  to  those.  Win- 
should  the  colliery  manager  be  puzzled  in  this  way  ? 
He  wants  help,  not  obstruction. 

In  many  of  the  Special  Rules  terms  are  used  which 
will  be  unfamiliar  to  mining  engineers,  and  are  really 
inapplicable,  such  as  "  feeders."  Again,  the  term 
"  five  metal,"  although  applicable,  should  hardly  have 
been  used  without  explanation.  Many  of  the  Special 
Rules  also  are  very  vague,  thus  fuses  are  to  go  "  on 
short  circuit,"  or  with  ioo  per  cent,  increase  of  current. 
A  rule  of  this  kind  can  only  be  misleading.  If  a  fuse 
goes  with  ioo  per  cent,  of  increase  of  current,  it  must 
go  on  "short  circuit."  unless  the  conditions  are  verv 
special,  and  such  as  would  hardly  require  the  pro- 
tection of  a  fuse. 

One  of  the  few  points  on  which  the  writer  disagrees 
with  the  Committee  in  their  Report,  is  the  way  in 
which  "  earth  "  is  dealt  with.  Cables  carrying  currents 
above  650  volts  pressure  are  to  be  enclosed  in  armour 
or  in  metal  pipes,  the  armour,  or  the  pipes  being 
earthed.  Also,  all  cases,  etc.,  as  described  in  the 
second  suggested  Special  Rule,  are  to  be  earthed.  The 
writer  is  very  strongly  of  opinion  that  cables  should 
only  be  armoured  in  certain  special  cases,  as  in  that 
of  a  three-phase  cable  in  a  shaft,  and  that  the  wisdom 
of  earthing  everything  is  doubtful.  His  view  is  that 
"  earth  "  should  be  kept  out  of,  and  away  from  any 
electrical  service  everywhere,  but  especially  in  collieries. 
He  would  permit  "  earth  "  in  special  cases,  but  he  would 
rather  not  use  it. 


THE    AUTHOR'S    SUGGESTED    8PECIAL    RULES. 

These  are  as  follows  : — 

(1)  Pressures,  exceeding  3,000  volts,  shall  not  be 
used  anywhere  in  or  about  a  mine,  and  pressures  above 
650  volts  shall  not  be  used  outside  the  main  intake 
airways,  or  chambers  supplied  directly  from  the  main 
intake  airways  without  the  permission  in  writing  of 
H.M.  Inspector  of  Mines  in  charge  of  the  district. 

(2)  All  machine  carcases,  cases  enclosing  switches 
and  fuses,  and  any  other  metals  (excluding  nails  and 
screws)  used  to  protect  or  to  support  conductors 
belonging  to  the  electrical  service,  but  not  in  conductive 
connection  with  the  service,  shall  be  connected  to 
earth,  except  in  cases  specially  exempted  by  H.M. 
Inspector  in  charge  of  the  district. 

(3)  No  part  of  the  conductive  system  of  an  electrical 
service  at  a  mine  shall  be  connected  to  earth,  except 

ecial  permission  of  H.M.  Inspector  of  Mines  in 
charge  of  the  district. 

All  electrical  apparatus  in  use  at  a  mine  shall 
be  so  fixed  and  maintained  that  in  the  ordinary  working 
of  the  mine  :  (a)  No  part  of  the  apparatus  shall 
become  unduly  heated  ;  (b)  no  arc  shall  be  formed  in 
any  part  of  any  apparatus  ;  and  (c)  it  shall  not  be 
possible  for  those  using  or  engaged  in  the  use  of  the 
apparatus  to  get  a  shock,  while  carrying  out  their  duties 
in  a  proper  manner. 

(5)  All   cables   and   machinery  shall  be   tested   not 
•  less  than  once  a  week  for  insulation,  with  a  current 

whose  pressure  is  not  less  than  that  of  the  working 
current,  the  tests  being  recorded  in  a  book  provided 
for  the  purpose,  and  the  insulation  of  the  whole  of 
the  apparatus  must  be  maintained  in  such  condition 
that  the  leakage  current  at  any  instant  is  not  greater 
than  o^oooi  of  the  maximum  total  current. 

(6)  All  connections  between  service  cables  and 
generators,  motors,  transformers  and  lamps  shall  be 
properly  controlled  by  switches,  and  protected  by 
fuses  or  electro-magnetic  apparatus,  in  such  a  manner 
that  No.  4  Rule  is  fully  complied  with,  and  in  those 
portions  of  mines  where  No.  8  General  Rule  applies, 
all  switches,  fuses,  junctions  and  between  cables  and 
any  places  where  the  circuit  is  made  and  broken,  shall 
be  enclosed  in  gas-and-flame-tight  boxes.  Where  trail- 
ing cables  are  used  in  connection  with  machinery  in 
motion,  or  for  shot-firing,  a  connection  shall  hot  be 
made  with  the  supply  service,  until  a  connection  has 
been  made  with  the  motor,  or  fuses,  and  everything 
arranged  and  no  electric  motor  shall  be  worked  in  an 
explosive  atmosphere. 

In  the  suggested  Special  Rules  the  idea  has  been  to 
follow  the  spirit  of  the  Coal  Mines  Regulation  Acts,  and 
to  make  use  of  the  machinery  provided  in  them,  so 
far  as  it  is  available,  and  so  to  avoid  the  nee 
of  further  burdening  the  •  already  heavily  weighted 
colliery  manager.  The  idea  has  also  been  to  develop 
the  principle  of  responsibility,  in  place  of  attempting 
to  provide  leading  strings.  The  writer's  view  is  that, 
while  if  you  enact  that  certain  perfectly  practicable 
things  are  to  be  done,  and  you  hold  a  given  official 
responsible  for  their  being  done  efficiently,  all  expe- 
rience shows  that  they  will  be  done  ;  while  if  vou 
endeavour  to  provide  for  every  contingency,  with  the 
idea  that  you  are  assisting  those  who  have  to  carry  out 
rules,  you  bar  out  the  best  class  of  men,  those  who 
are  not  afraid  to  accept  responsibility,  and  vou  provide 
innumerable  loopholes  for  the  devolution  of  respon- 
sibility, while  you  have  not  really  added  to  the  safety 
of  the  apparatus. 

The  qualifications  of  the  proposed  electrical  engineer 
will  vary  with  the  size  of  the  plant  and  with  the  size 
of  the  colliery.     One  important  qualification  that  he 
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must  have  is  familiarity  -with  mines.  In  the  writer's 
view,  probably,  for  large  firms,  the  best  man  to  be 
found  would  be  a  mining  engineer  who  had  qualified  in 
electricity  and  mechanics.  What  is  wanted  for  the 
work  is,  not  a  knowledge  of  the  latest  theory  of 
electricity,  but  an  intimate  acquaintance  with  mining 
conditions,  and  the  ability  to  instruct  his  men  in  the 
way  of  quickly  putting  little  things  right. 

Mr.  W.  C.  Mountain  said  the  rules  were  at  present 
under  consideration  by  the  Institution  of  Electrical 
Engineers.  There  was  to  be  a  meeting  that  afternoon 
to  consider  some  of  the  most  important  points  from 
an  electrical  point  of  view,  and  on  the  following  day  a 
discussion  with  the  Committee  of  the  Mining  Associa- 
tion of  Great  Britain,  and  then,  when  they  all  knew 
exactly  what  they  did  want,  it  was  proposed  to  approach 
the  Home  Office.  He  did  not  think  the  rules  suggested 
by  the  author  were  quite  sufficient  to  show  what  it 
was  necessary  to  do  to  protect  life.  At  the  same  time 
he  thought  the  proposed  special  rules  might  require 
some  amendment. 

In  the  courss  of  further  discussion,  Mr.  Roslyn 
Holiday  said  they  had  lately  found  out  that  if  the 
proposed  rules  were  passed  as  they  now  stood  it  would 
mean  shutting  up  the  collieries.  As  the  rules  stood 
at  present,  it  would  appear  that  if  a  manager  wished 
to  put  a  bell  in  his  office  he  had  first  of  all  to  acquaint 
the  Inspector  with  the  fact  that  he  was  going  to  put 
in  an  electrical  installation.  In  fact,  as  one  read  the 
rules  they  would  seem  to  involve  great  trouble  to 
the  manager.  He  considered  that  the  proposed  rules 
threw  too  much  responsibility  upon  the  Inspector. 

Mr.  Gerrard  (Mining  Inspector)  held  strongly  that 
mining  and  electrical  engineers  must  pull  together. 
H.M.  Inspectors  would  ask  members  to  give  them  that 
help  in  administering  the  rules  which  they  had  on  all 
previous  occasions  given,  and  the  Inspectors  would  try 
to  meet  them  in  the  best  and  most  reasonable  spirit. 

The  paper  was  discussed  at  some  length,  and  in  the 
course  of  his  reply  Mr.  Walker  said  the  greatest  justifi- 
cation for  the  remarks  he  had  made  was  to  be  found 
in  the  discussion,  which  showed  that  nobody  was  satis- 
fied with  the  draft  rules,  and  that  everybody  hoped 
they  would  be  modified,  though  nobody  could  say  how 
they  should  be  altered. 


THREE-PHASE    AND    CONTINUOUS 

CURRENTS  FOR  MINING  PURPOSES. 

A  GREAT  deal  of  interest  centred  in  the 
•**-  "  Comparison  of  Three-Phase  and  Con- 
tinuous Currents  for  Mining  Purposes,"  pre- 
sented by  Mr.  Roslyn  Holiday,  and  based 
upon  practical  experience.  We  quote  the 
following  from  his  remarks  on  the  three-phase 
system  : — 

THREE-PHASE. 

The  special  feature  about  the  three-phase  system  is 
the  motors.  These  consist  of  a  circular  stationary  case, 
wound  with  three  series  of  coils,  termed  the  stator  and 
a  revolving  drum  (either  wound  with  three  series  of 
coils  or  covered  with  a  squirrel-cage  formation  of  copper 
bars)  termed  the  rotor.  The  high-pressure  current  is 
supplied  direct  to  the  stator  coils,  the  rotor  need  have 
no  connection  from  outside,  as  any  current  flowing  there 
is  generated  by  induction,  and  is  at  a  very  low  pressure. 


Up  to  30  horse-power,  these  motors  can  be  started 
without  the  use  of  any  resistances  or  other  complica- 
tions. The  writer  has  used  a  number  of  these  for 
driving  coal-cutting  machines,  and  as  far  as  he  knows, 
he  was  the  first  in  this  country  to  use  three-phase 
current  for  this  purpose.  With  larger  sizes  of  motors, 
there  are  two  principal  systems  of  starting  in  use  at 
present.  One  is  by  means  of  a  special  form  of  switch 
and  small  transformer  combined,  termed  an  auto- 
transformer,  in  the  main  circuit.  In  the  other  system, 
there  is  a  three-pole  switch  in  the  main  circuit,  and 
on  the  rotor-shaft  there  are  three  insulated  brass  rings, 
connected  to  each  of  the  three  series  of  rotor-coils. 
From  these  rings,  the  current  is  led  to  an  arrangement 
of  variable  resistances.  For  motors  up  to  30  horse- 
power, the  first-mentioned  method  of  starting  cannot 
be  beaten  for  absolute  simplicity,  and  this  is  essential 
for  motors  used  to  drive  coal-cutting  machines.  These 
motors  can  also  be  reversed  from  full  speed  in  one 
direction  to  full  speed  in  the  opposite  direction,  without 
shutting  off  the  current.  This  facility  of  reversal  is  of 
great  use  in  coal-cutters  of  the  disc  type,  as  a  disc 
jammed  by  a  piece  of  cubical  coal  wedged  cornerwise, 
and  which  would  take  great  power  to  crush  the  piece 
of  coal,  can  be  liberated  instantly  by  reversing  the 
motor  for  a  few  seconds. 

Three-phase  motors  cannot  by  any  simple  means  be 
made  to  run  continuously  at  various  speeds.  The  speed 
does  not  vary  with  the  voltage  of  the  current,  but 
depends  approximately  on  the  periodicity  of  the  current 
supplied,  and  the  number  of  pairs  of  poles  on  the  motor  ; 
thus  the  speed  of  a  six-pole  motor  per  minute  with  a 
current  frequency  of  50  per  second  is  found  thus  : 
The  number  of  periods  per  minute  divided  by  the  num- 
ber of  the  pairs  of  poles  equals  the  number  of  revolutions 
per  minute  or  (50  x  60  -f-  3  =)  1,000  revolutions  per 
minute. 

When  this  condition  obtains,  the  motor  is  said  to  be 
running  in  step  with  the  driving  current.'  If  the  motor 
be  sufficiently  overloaded,  it  is  pulled  out  of  step  and 
comes  to  rest.  The  writer  finds  that  if  this  takes  place 
when  coal-cutting  there  is  a  very  considerable  increase 
in  the  flow  of  current,  but  that  it  is  not  such  as  almost 
immediately  to  burn  the  motor  in  the  event  of  the 
fuses  not  blowing.  In  fact,  even  if  the  attendant  is 
engaged  fixing  timber  behind  the  machine  when  it  is 
pulled  up,  by  the  time  he  has  got  to  it  and  switched  off, 
there  is  no  perceptible  rise  in  temperature  of  the  motor. 
This  fact  is  due  to  the  motor,  even  when  stationary, 
having  by  induction  a  choking  effect  on  the  current, 
and  so  preventing  its  rising  to  dangerous  proportions. 
This  feature  of  three-phase  motors  is  found  of  the 
greatest  benefit  in  coal-cutting,  for  should  the  cables  be 
short  circuited,  the  fuses  would  be  instantly  blown,  but 
they  are  not  blown  every  time  the  cutter  is  jammed  ;  in 
fact,  the  writer,  in  his  experience,  has  not  known  of  a 
single  instance  of  a  fuse  being  blown  through  this  cause. 
As  a  consequence,  he  has  placed  the  fuses  on  the  surface 
only,  thus  removing  from  the  pit  one  of  the  possible 
sources  of  danger. 

One  disadvantage  of  the  three-phase  system  is,  that 
it  is  necessary  to  use  three  wires  for  the  motors,  but,  as 
later  on  the  various  points  for  or  against  the  two 
systems  are  compared,  this  will  be  given  its  due  place 
and  weight. 

In  fitting  up  a  colliery  with  plant  on  the  three-phase 
system,  it  is  only  necessary  to  have  one  type  of  genera- 
ting plant,  which  is  equally  available  either  for  lighting 
or  power  supply.  The  current  is  generated  at  a  suitable 
ure  for  transmission  to  the  motors,  and  by  means 
of  static  transformers  it  is  transformed  down  to  a 
pressure  suitable  for  lighting. 
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The  author  also  deals  in  detail  with  continuous 
current.  He  summarises  his  comparison  as  follows  : — 
In  drawing  a  direct  comparison  between  the  two 
systems  under  consideration,  it  is  found  that  it  almost 
consists  in  stating  the  defects  in  the  continuous-current 
system,  and  then  on  the  other  hand  stating  that  these  do 
not  exist  in  three-phase  system.  With  the  continuous- 
current  svstem,  the  high-pressure  current  is  on  the 
moving  parts  of  dynamos  and  motors  :  there  are 
commutators  with  their  wear  and  tear,  sparking  and 
liabilitv  to  breakdown  :  starting  resistances  are  a 
necessi'tv  for  motors.  Transformers  must  be  of  the 
rotary  t'vpe.  With  the  three-phase  system  there  is  no 
high-pressure  current  on  the  moving  parts  of  motors 
or  dvnamos  ;  there  are  no  commutators,  therefore  no 
sparking  ;  starting  resistances  can  be  dispensed  with  ; 
the  pressure  can  be  transformed  up  or  down  by  means 
of  static  transformers.  Continuous-current  series 
wound  motors  start  better  against  a  load  than  three- 
phase  motors,  but,  as  has  been  shown,  the  armatures 
are  very  liable  to  being  burnt  out  when  used  for  driving 
coal-cutting  machines. 

With  the  exception  of  charging  storage  batteries, 
three-phase  currents  can  be  used  for  any  purpose  to 
which  continuous  currents  can  be  applied.  For 
efficiency,  simplicity,  and  reliability  the  writer  is 
strongly  in  favour  of  the  three-phase  system  for  use 
in  mines.  The  writer  has  an  alternator  coupled  direct 
to  a  steam-turbine  of  200  h.p.,  and  it  has  a 
small  continuous  current  dynamo,  as  exciter,  on  the 
same  spindle.  This  has  run  almost  night  and  day  since 
1897  with  absolutely  no  repairs,  and  the  only  part 
which  to-day  shows  any  signs  of  wear  and  tear  is  the 
commutator  of  the  exciter. 

The  paper  was  followed  by  a  discussion  as  to  the 
merits  of  the  respective  systems  Mountain. 

Channing,  Jones,  Galloway,  Walker,  Corlett,  etc. 


to  work,  and  it  can,  at  any  time,  travel  on  any  road 
traversed  by  these  cars. 

The  machinery  used  with  compressed  air  so  closely 
resembles  that  used  with  steam  that  mechanics  familiar 
with  the  one  have  little  to  learn  in  managing  the  other. 
Steam  is  so  generally  understood  that  men  competent 
to  manage  pneumatic  plants  are  easily  obtained,  while 
experts  in  electricity  are  scarce. 

The  remainder  of  the  paper  was  largely  devoted  to  the 
question  of  relative  cost,  the  author  claiming  that  the 
electric  plant   is   usually   the   more  expensive. 

The  paper  was  discussed  bv  the  Rev.  G.  M.  Capell 
and  Messrs.   S.  F.  Walker,   H.  Hall  and  Holiday. 


COMPRESSED-AIR    LOCOMOTIVES 
FOR    MINES. 

THE  Secretary  read  a  paper  on  the  above  subject 
by  Mr.  Beverley  S.  Randolph.  The  writer 
expressed  his  conviction  that  the  advisability  of  using 
electricity  or  compressed  air  for  haulage  is  one  which 
should  be  determined  by  the  conditions  obtaining  in 
the  particular  case. 

The  pneumatic  locomotive  (illustrated  in  the  paper) 
is  large  and  cumbersome,  and  therefore  not  so  well 
adapted  to  low  seams  as  the  electric  locomotive,  except 
where  its  safety  in  the  presence  of  fire-damp  may  be 
held  to  counterbalance  this  disadvantage.  The  delays 
incident  to  charging  are  not  so  great  as  would  at  first 
appear,  since,  even  in  the  best  managed  establishments 
there  is  more  or  less  lost  time  at  terminals  which  may 
be  utilised  for  charging.  Again,  any  unusual  amount 
of  work  between  charging  stations,  such  as  may  be  due 
to  badly  lubricated  cars  or  assisting  in  replacing 
derailed  cars,  is  liable  to  exhaust  the  supply  of  air  in 
the  tanks  and  necessitate  to  run  to  the  charging  station 
and  back  before  the  train  can  be  brought  forward. 

On  the  other  hand,  electricity  has  never  been  success- 
fully applied  to  the  gathering  of  cars  from  the  rooms 
or  working  places,  owing  to  the  expense  involved  in 
wiring  each  place  and  the  difficulty  in  passing  round 
short  turns  without  displacing  the  trolley.  A  com- 
pressed air  locomotive  is  very  successful  for  this  pur- 
pose. The  small  gathering  locomotive  has  the  same 
dimensions  as  the  mine  cars  in  the  mine  it  was  designed 


THE  EXPERIMENTS  UNDERTAKEN 
BY  THE  BELGIAN  DEPARTMENT 
OF  MINING— ACCIDENTS  AND 
FIRE-DAMP. 

MR.  V.  WATTE  YXE'S  paper  gave  a  useful 
synopsis  showing  the  purpose  and 
present  state  of  the  first  experiments  on  safety 
lamps  and  explosives,  carried  out  at  the 
Frameries  Experimental  Station,  under  the 
auspices  of  the  Belgian  Government.  These 
experiments  are  being  carried  out  under  excep- 
tional conditions,  as  the  following  extracts 
show :  — 

Members  are  perhaps  aware  that,  for  the  purpose 
of  our  experiments,  we  are  in  possession-ef  a  natural 
source  of  fire-damp  of  a  high  degree  of  purity,  un- 
excelled in  mining  practice.  Thus  we  are  enabled  to 
experiment  with  genuine  pit-gas,  which  the  writer 
regards  as  an  essential  factor  in  arriving  at  really 
conclusive  results.  •  •; 

The  apparatus  used  allows  of  the  subjection  of  the 
lamps  to  the  action  of  gaseous  currents  of  any  desired 
composition  and  velocity  (up  to  as  much  as  60  ft.  and 
66  ft.)  (iS  and  20  metres)  per  second.  Nor  are  these 
currents  horizontal  only,  they  are  upward  or  down- 
ward, oblique  or  vertical.  Moreover,  the  densest 
atmosphere  known  to  exist  in  deep  mines  has  been 
reproduced  ;  and  in  Belgium  there  are  several  mines 
3,000  ft.  or  even  4,000  ft.  deep. 

With  the  view  of  simulating  all  the  diverse  condi- 
tions met  with  in  practice,  experiments  have  been 
conducted  not  only  in  gas-laden  atmospheres,  but  also 
in  dusty  atmospheres,  wherein  the  proportions  of  dust 
and  fire-damp  were  varied  as  desired,  and  with  lamps 
which  had  been  kept  for  several  hours  in  the  under- 
ground workings. 

From  the  point  of  view  of  relighting  the  extreme 
case  has  been  simulated  wherein  the  lamp-gauze  before 
extinction  has  become  red-hot  in  an  atmosphere 
charged  with  fire-damp,  and  the  workman,  ignorant 
or  reckless  of  the  danger,  has  immediately  set  the 
igniter  at  work  without  even  waiting  for  the  gauze 
to  cool  down. 

Our  experiments  have  not  yet  been  brought  to  an 
end.  Nevertheless,  those  which  have  been  carried  out 
in  regard  to  lamps  have  reached  a  sufficiently  advanced 
stage  to  permit  of  the  following  brief  synopsis  of  some 
of  the  conclusions  to  which  they  lead  : — 

(1)  The  use  of  benzine  does  not  diminish  in  any 
notable  degree  the  safety  of  the  lamps  in  which  it  is 
burnt. 
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(2)  Several  shielded  or  bonneted  lamps,  especially 
the  Marsaut  lamp  and  the  Wolf  benzine-lamp  are  shown 
to  be  considerably  safer  than  the  Mueseler  lamp.  The 
last-named,  which  shows  a  perfect  capacity  of  resistance 
in  horizontal  currents,  rapidly  breaks  down  in  upward 
currents. 

(3)  The  internal  igniter,  if  made  of  phosphorised 
paste  and  worked  by  friction  only,  may  be  often  used 
without  danger  in  the  midst  of  atmospheres  charged 
to  extreme  with  fire-damp.  This  does  not,  however, 
apply  to  every  type  of  lamp,  especially  not  to  the 
Mueseler,  where  the  working  of  the  igniter  causes  the 
flame  to  pass  into  the  upper  gauze.* 

The  paper  also  included  a  section  on  Explosives,  the 
use  of  which  in  Belgium  is  hedged  round  with  great 
stringency.  But,  says  the  author,  now  that  we  have  at 
our  disposal  an  experimental  station  allowing  of  a  close 
personal  study  of  safety-explosives  ;  now  that  we  are 
enabled  to  determine  their  practical  value  by  fixing 
the  maximum  charge,  that  is,  the  highest  charge  that 
can  be  detonated  without  igniting  the  most  dangerous 
mixture  known  of  fire-damp  and  dust,  it  will  be  possible 
to  remodel  the  regulations  with  greater  effect,  and 
bring  them  abreast  of  the  most  recent  progress.  The 
experiments  are  carried  out  in  a  gallery  of  the  same 
dimensions  as  that  usual  in  a  mine,  with  genuine 
pit-gas,  and  with  increasing  charges  of  explosives  which 
are  detonated  without  stemming  in  an  atmosphere 
charged  with  fire-damp,  accompanied  or  unaccom- 
panied by  dust.  It  need  scarcely  be  added  that  the 
power  of  the  explosives  is  also  determined,  by  the  leaden 
block  or  Trauzl  method.  It  is  proposed  to  repeat 
some  of  the  experiments,  at  all  events,  with  stemming, 
so  as  to  simulate  as  closely  as  possible  the  conditions 
which  obtain  in  practice.  Also  to  carry  out  experi- 
ments in  smaller  or  partly-obstructed  galleries  ;  and 
finally  to  settle  exactly  the  influence  of  dust  on  the 
limitation  of  the  maximum  charge,  etc.  The  results  of 
all  these  experiments  will  be  published  at  a  later  date. 

In  the  course  of  the  ensuing  discussion,  Mr.  H.  Perkin 
•expressed  the  opinion  that  if  the  Wolf  lamp,  which 
was  lighted  from  an  igniter  underneath,  were  adopted  in 
this  country  it  would  be  rather  a  step  in  a  backward 
direction  ;  they  could  not  trust  every  miner  with  an 
igniter  on  his  lamp.  They  could  not  have  a  better 
system  than  that  of  a  lighting  station  in  charge  of  an  ex- 
perienced man  to  which  the  men  could  go  with  theirlamps. 

Mr.  Hewitt  (Assistant  Inspector  of  Mines)  disagreed 
with  the  author's  view  that  the  introduction  of  benzine 
did  not  cause  additional  danger.  He  thought  they 
should  not  place  too  great  facilities  in  the  hands  of 
colliers  for  getting  a  light. 

Professor  Louis  emphasised  the  obligation  they  owed 
to  the  Belgian  Government  for  this  excellent  experi- 
mental work. 

After  further  remarks  by  Mr.  A.  M.  Henshaw,  the 
author  (who  was  not  present)  was  accorded  a  hearty 
vote  of  thanks  for  his  paper. 


ANKYLOSTOMIASIS. 

DR.  HALDANE  and  Dr.  Boycott  being  present,  a 
discussion  on  miners'  anaemia  was  then  initiated. 
The  Secretary  first  read  a  communication  from  Mr.  R. 


*  In  all  these  observations  with  regard  to  lamps  the   writer  must  be 
understood  to  exclude  the  electric  lamp. 


R.  Simpson,  of  the  Geological  Survey  of  India,  dealin? 
with  inquiries  as  to  the  prevalence  of  the  disease  in 
Indian  coal  mines. 

Mr.  J.  Cadman,  jun.  (Assistant  Inspector  of  Mines) 
expressed  the  opinion  that  there  were  many  mines  in 
North  Staffordshire  where  the  disease,  if  it  was  intro- 
duced, would  no  doubt  soon  become  prevalent.  He 
referred  more  especially  to  mines  with  steep  inclination, 
where  the  temperature  was  high,  and  where  there  was 
a  certain  amount  of  water.  He  emphasised  the  import- 
ance of  sanitation  and  the  inspection  of  aliens. 

Mr.  H.  Hall  (Inspector  of  Mines)  pointed  out  the 
difficulty  of  attempting  sanitation  in  the  pits,  where 
there  were  neither  sewers  nor  water.  He  called  atten- 
tion to  the  suggestion  that  the  larva;  might  be  des- 
troyed by  a  mixture  of  2^  per  cent,  of  salt  with  water. 

Mr.  Pickering  (Inspector  of  Mines)  described  what 
was  being  done  in  Yorkshire  by  way  of  sanitation.  He 
thought  Dr.  Boycott  had  rendered  very  valuable  service 
in  discovering  the  blood  test. 

Mr.  Henshaw  described  the  condition  of  certain  pits 
as  abominable  in  the  extreme.  He  urged  the  necessity 
for  sanitation,  and  pointed  out  that  ideal  conditions 
for  the  propagation  of  the  disease  existed  in  several 
collieries  in  North  Staffordshire, 

After  further  discussion  by  Messrs.  Hewitt,  Smith 
and  Douglas,  Mr.  Gerrard  (Inspector  of  Mines)  described 
the  elaborate  .precautions  against  the  disease  which 
are  taken  in  Westphalia. 

Mr.  S.  F.  Walker  pointed  out  the  value  of  coal  dust 
as  a  disinfectant  in  the  mines,  and  some  practical 
suggestions  were  made  by  Mr.  Ellison. 

Dr.  Haldane  then  addressed  the  meeting  at  some 
length,  and  in  the  course  of  his  remarks  emphasised 
the  necessity  of  getting  rid  of  the  faeces  in  the  mines. 
He  hoped  that  before  long  common  measures  would 
be  devised  and  agreed  upon  in  all  the  colliery  districts 
of  the  country,  to  deal  with  the  disease  in  the  way 
of  prevention.  He  quite  agreed  that  quarantining  was 
most  important.  If  he  had  any  responsibility  in  con- 
nection with  a  colliery  he  should  certainly  have  all 
men  examined  who  came  from  suspected  districts, 
certainly  those  coming  from  Cornwall  and  Italy, 
besides  those  from  India,  South  Africa,  and  any 
other  place  abroad,  especially  the  tropics.  The  exami- 
nation was  a  little  troublesome.  A  good  wav  was  to 
take  a  sample  of  the  blood,  and  a  still  better  method, 
in  individual  cases,  was  to  obtain  a  sample  of  the  fasces 
and  send  it   to  a  central  laboratory. 

Dr.  Boycott  also  addressed  the  meeting,  and  the 
discussion  closed  with  a  vote  of  thanks  to  the  medical 
experts  for  the  information  afforded. 

Other  papers  included  :  "  Work  of  Conveyers  on  Long- 
wall  Faces,"  by  Mr.  R.  G.  Ware  ;  "Firing  of  Babcock 
Boilers  with  Coke-oven  Gases,"  by  Mr.  T.  Y.  Greene  ; 
"The  Transvaal  Kromdraai  Conglomerates,"  and  "The 
Southern  Rand  Gold-Field,"  by  Mr.  A.  R.  Sawyer  ; 
"  The  Occurrence  of  Cinnabar  in  British  Columbia,"  by 
Mr.  G.  F.  Monckton  ;  "  The  Prevention  of  Accidents  in 
Winding,"  by  Mr.  J.  H.  Merivale,  M.A.  ;  "  Petroleum, 
and  its  use  for  Illumination,  Lubricating,  and  Fuel  Pur- 
poses," by  Dr.  P.  Dvorkovitz  ;  "  The  Analytical  Valuation 
of  Gas  Coals,"  by  Mr.  G.  P.  Lislnnan,  D.Sc.  ;  "  A  New 
Process  of  Chlorination  for  Mixed  Gold  and  Silver  Ores," 
by  Mr.  Horace  F.  Brown  ;  "Graphite  Mining  in  Ceylon 
and  India.  Part  I. — Ceylon,"  by  Mr.  G.  A.  Stonier, 
A.R.S.M. 
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EXCURSION    TO    DOVER. 


THE    RECLAMATION   AND    EASTERN"    ARM    OF   THE   ADMIRALTY    HARBOUR  AT   DOVER. 


D.   A.    LOUIS,    F.I.C.,  M.Inst.M.E.,    M.A.I. M.E.,    F.C.S. 


THE  members  of  the  Institution  of  Mining  Engi- 
neers who  visited  Dover  Colliery  left  London 
by  a  special  train,  and  caught  their  first  glimpse  of 
the  colliery  as  they  approached  the  town.  They  were 
specially  struck  by  what  appeared  to  be  a  great  pithead 
covered  in,  and  by  an  unusually  large  number  of 
cylindrical  tanks,  but  curiosity  concerning  these 
matters  was  not  to  be  satisfied  until  the  afternoon, 
as  the  morning  was  to  be  devoted  to  the  Admiralty 
Harbour  Works  and  feeding. 

The  colliery  is  packed  away  on  a  ledge  of  rock 
alongside  the  South  Eastern  line,  and  immediately 
at  the  foot  of  a  great  perpendicular  chalk  cliff.  The 
sea-front  of  the  ledge  is  protected  by  a  sea-wall,  which 
is  to  be  extended  westward  so  as  to  reclaim  a  consider- 
ably large  area  from  the  sea,  which  in  course  of  time 
will  be  filled  up  with  waste  from  the  pits  and  be  used 
as  a  sorting  yard  for  trucks  when  the  colliery  is 
behaving  as  a  colliery  should  do,  that  is — producing 
coal.  The  present  appearance  of  the  ground  is  highly 
satisfactory,  and  shows  that  those  who  have  the  work  in 
hand  are  doing  it  with  thoroughness  and  earnestness. 

The  work  in  progress  at  the  time  of  the  visit  was 
the  sinking  of  shaft  Nc.  2  by  the  Kind-Chaudron 
system.  Three  shafts  were  originally  started,  two  of 
20  ft.  and  one  of  17  ft.  diameter,  however,  when  thev 
got  into  the  Hastings  beds  considerable  difficulties  were 
encountered,  and  only  one  shaft  was  continued  ; 
but  in  course  of  time  that  too  had  to  be  abandoned 
owing  to  the  water  difficulty.  The  present  Corpora- 
tion then  took  the  matter  in  hand  and  decided  to 
continue  sinking  the  shafts  without  removing  any  of 
the  water  ;    all    pumps    were  taken   out,  and  there  is 


quite  a  small  museum  of  them  now  to  be  seen  on  the 
ground.  The  great  pithead  house,  the  "  barraque," 
64  ft.  in  general  height,  80  ft.  at  the  centre,  94  ft.  long, 
and  30  ft.  wide,  was  erected.  It  is  a  striking  timber 
structure.  The  walking-beam,  its  working  cylinder  and 
the  necessary  tackle  for  handling  the  apparatus,  were 
installed  and  work  was  duly  started  a  year  ago.  The 
process  of  sinking  the  shaft  is  by  percussive  boring. 
The  20-ft.  shaft  has  been  gradually  reduced  in  diameter 
so  as  ultimately  to  be  1 5  ft.  across  inside.  When 
sinking,  a  small  pit  is  first  bored  by  means  of  the 
small  cutting  tool  known  as  the  small  trepan.  This 
is  a  steel  framework  carrying  tool-steel  teeth  or  chisels  ; 
it  weighs  11  tons;  it  is  screwed  and  suspended 
with  an  intervening  Kind  free-fall  device  at  the 
end  of  a  column  of  rods,  is  given  a  reciprocating 
motion  from  the  walking-beam,  and  a  slight  turn 
between  each  stroke  so  as  to  cause  the  trepan  to  strike 
a  new  place  each  time.  This  operation  was  witnessed 
in  progress.  The  result  is  that  the  rock  below  gets 
chipped  and  cut  away,  and  when  too  much  debris  has 
collected  in  the  hole,  the  rods  and  trepan  are  hauled 
up  and  the  chips  and  mud  cleared  out  by  means  of  a 
bucket,  which  weighs  2  tons  and  holds  6  tons  of  stuff. 
The  smaller  hole  is  sunk  30  ft.  or  so,  and  then  the  big 
cutting  tool  or  large  trepan — a  steel  framework  also 
with  tool-steel  teeth  and  weighing  27  tons — is  put  down 
worked  in  the  same  way  as  the  small  trepan,  and  bores 
a  hole  the  full  size  of  the  shaft.  When  the  boring 
is  complete  the  shaft  will  be  lined  with  tubbing,  which 
consists  of  cast  iron  rings  about  15  ft.  in  diameter, 
about  4  ft.  high,  and  varying  in  thickness  from  i£  in.  to- 
4+  in.,  and  in  weight  from  ~\  to  17 \  tons  each.     Ther 
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are  278  of  these,  and  the  total  weight  of  the  tubbing 
will  be  3,675  tons.  These  rings  are  all  on  the  ground, 
arranged  in  the  order  in  which  they  will  be  required  ; 
they  stand  in  stacks  of  three,  and  are  what  were  taken 
to  be  tanks  when  passing  on  the  railway.  Besides  all 
these  there  are  the  various  other  parts  required  in 
the  operation  of  putting  in  the  lining.  The  moss-box, 
consisting  of  two  steel  cylinders,  each  4  ft.  high  and 
2J  in.  thick,  one  (15  ft.  in  diameter  and  weighing 
12^  tons)  which  is  made  to  fit  telescopically  over  the 
other  (14^  ft.  in  diameter  and  weighing  q|  tons)  ;  the 
sinking  shoe,  etc.,  together  representing  some  20  tons  of 
iron  and  steel.  A  great  cast-iron  dome,  strengthened 
with  formidable  ribs,  and  weighing  27  tons,  was  on 
view,  and  a  lot  of  10-in.  piping  in  lengths  of  10  ft.  to 
form  the  equilibrium  column,  which  will  fit  over  the 
central  orifice  of  the  great  dome,  which  is  the  diaphragm 
•or  false  bottom  to  be  used  while  the  tubbing  is  being 
let  down  into  the  shaft. 

There  were  at  work  to  keep  things  going  a  battery 
of  boilers  which  supplied  two  geared  winding  engines, 
which,  with  various  winches,  are  used  for  working  and 
handling  tools  and  material.  A  great  show  of  moss; 
4  tons,  attracted  attention.  It  is  to  form  the  packing 
in  the  moss-box  and  amongst  other  things  a  massive 
timber  gantry  for  landing  this  heavy  material,  which 
has  been  shipped  from  Germany  by  Messrs.  Haniel  and 
Lueg,  of  Diisseldorf,  who  have  the  work  in  hand.  There 
-was  also  a  remarkable  condensing  plant,  consisting  of  a 


tall  cylinder — there  will  be  two — built  of  ordinary 
tubbing  segments,  in  which  a  30-ft.  Galloway  boiler  is 
fixed  vertically. 

The  visitors  were  received  by  Mr.  W.  J.  Cousins  and 
some  other  directors  ;  and  Mr.  F.  W.  North,  the  consult- 
ing engineer,  with  Mr.  T.  J.  Newton,  the  manager,  were 
in  attendance. 

ADMIRALTY     HARBOUR,     DOVER. 

The  official  memorandum  issued  to  members  re- 
minds us  that  this  work  is  being  carried  out  by  Messrs. 
S.  Pearson  and  Son,  Ltd.,  under  the  superintendence 
of  Messrs.  Coode,  Son  and  Matthews.  The  staging  for 
the  Admiralty  pier  extension  was  commenced  in  January, 
1899,  and  by  the  end  of  the  year  ten  bays  of  50  ft.  were 
erected  with  the  plant,  consisting  of  a  20-ton  derrick, 
5o7t.  radius,  for  handling  staging  material,  a  60-ton  goliath 
for  taking  out  the  foundations  with  grab  and  bell,  and 
two  40-ton  goliaths  for  blocksetting ;  the  first  block 
being  set  in  December,  1899.  The  foundation  of  the 
head  is  now  being  completed,  and  it  is  anticipated  that 
all  blocksetting  will  be  finished  in  two  or  three  months' 
time;  17  bays  of  staging,  or  850  ft.,  have  been  in 
use  at  one  time,  dismantling  from  the  shore  end  as  it 
advanced  seawards.  There  have  been  no  losses  of  any 
account  to  the  permanent  work  during  its  construction, 
nor  any  very  serious  damage  to  the  temporary  staging. 
Further  particulars  of  the  undertaking  will  be  found  in 
Page's  Magazine  of  February  last. 


PLAN   OF   MINERAL  AREAS   BELONGING   TO   THE   CORPORATION    IMMEDIATELY   SURROUNDING 

THE    DOVER   COLLIERY. 
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APPROACH    TO   THE   CAVES   AT   CHISLEHURST. 


The  Members    of  the    Institute   of    Mining    Engineers    visit  the   Caves  at  Chislehurst;  the 
Holborn  to  Strand  Improvement ;  and  the  Works  of  Messrs.  Fraser  and 

Chalmers,  Ltd.,  Erith. 


The  other  excursions  undertaken  by  the  members 
of  the  Institution  were  not  so  far  afield,  comprising 
an  inspection  of  the  subway  and  other  works  in  connec- 
tion with  the  Holborn  to  Strand  Improvement,  a 
tour  of  the  caves  at  Chislehurst,  and  a  visit  to  the 
works  of  Messrs.  Fraser  and  Chalmers,  Ltd.,  at  Erith. 

ALDWYCH     AND    KINGSWAY. 

Details,  of  the  work  now  in  progress  were  given  in 
Page's  Magazine  as  recently  as  March  last.  The  brief 
account  of  the  work  issued  to  members  states  that 
the  cost  of  the  sub-structure  of  Kingswray,  inclusive  of 
the  tramway  subway,  is  said  to  be  close  on  ^100  per 
lineal  foot,  or  over  £?5,ooo,ooo  per  mile. 

The  tramway  subway,  provided  for  two  lines  of  rails, 
is   20  ft.  wide   by   16  ft.    3  in.   maximum   height.      The 
arching  consists  of  five  rings  of  brickwork,  the  inner  ring 
of  which  is  glazed.     The  side  walls  are  of  concrete,  and 
the  whole  tunnel  is  surrounded  by  a  layer  of  asphalte  £  in. 
thick.     The  tunnel  will  be  fitted  for  traction  on  the  con- 
duit-system ;    it  is  practically   finished  for  a   length  of 
400  ft.  north  of  the  Strand,  along  the  north-western  side 
of  the  Gaiety  Theatre.     This  portion  has  been  con- 
structed   on   the   cut-and-cover   system.     In   crossing 
the  Strand  and  Holborn,  however,  it  is  intended  to 
substitute  a  couple  of  tubes,  driven  by  means  of  the 
Greathead    shield,    each    15    ft.    10    in.    in    diameter 
outside,    for   the   single   tunnel   used   elsewhere.     The 
excavators    will    not    have    the    benefit    of     working 


exclusively  in  the  London  clay,  the  upper  portion  of 
the  shield  will  be  driven  through  gravel,  in  which  some 
water  is  likely  to  be  encountered.  On  a  portion  of 
the  line  of  route,  the  arch  used  in  the  deep-level  section 
near  the  Strand,  is  replaced  by  steel  troughing. 

THE     CAVES     AT     CHISLEHURST. 

These  caves,  which  are  approached  through  delightful 
scenery,  are  very  extensive,  the  ground  being  literallv 
honeycombed  with  excavations  cut  out  in  the  chalk. 
The  chief  guide  (Mr.  H.  Slatter)  showed  us  a  remarkable 
labyrinth  of  chambers  planned  in  the  form  of  an 
ellipse,  a  flint-lined  well,  covered-in  deneholes,*  and 
other  work  ascribed  to  the  ancient  Britons.  In  replv 
to  inquiries  it  was  stated  that  Roman  pottery  has 
been  found,  and  in  one  part  of  the  workings  the  guide 
pointed  out  a  series  of  chambers  in  the  form  of  a  cross 
and  supposed  to  have  been  used  by  the  early  Christians. 
The  electric  light  has  been  installed  in -a  portion  of 
the  caves,  though,  unlike  the  Cheddar  installation,  the 
current  is  not  "  generated  on  the  premises."  The 
excursion  proved  an  interesting  one,  and  afforded  the 
opportunity  for  much  discussion,  as  to  the  origin  of 
the  workings,  and  the  period  from  which  they  are 
likely  to  date. 

*  Deep  and  narrow  shafts  sunk  through  the  Thanet 
sand  into  the  chalk  ;  they  are  connected  with  sub- 
terranean chambers  supposed  to  have  been  used  for  the 
storage  of  grain  and  for  refuge  in  case  of  attack. 
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Visit  to  the  Works   of  Messrs.  Fraser  and  Chalmers,  Ltd,,  at  Frith. 

Specially  Illustrated, 


On  the  Saturday  morning  a  large  party  journeyed 
to  Erith  to  inspect  the  works  of  Messrs.  Fiaser  and 
Chalmers,  Ltd ,  where  a  quantity  of  mining  machinery 
of  the  latest  type  was  to  be  seen,  either  ready  for 
shipment  or  in  process  of  completion.  The  visitors 
were  received  by  Mr.  Walter  McDermott  (Man  aging 
Director),  Mr.  E.  K.  Sancton  (Manager),  Mr.  J.  I. 
Wile,   and  Mr.   C.   B.   Hale  of  the   engineering    staff. 


Photo  by  Watson.] 

VERTICAL  BORING    MILL  AT  THE  WORKS  OF   MESSRS.    FRASER 
AND  CHALMERS,   III  >. 


The  accompanying  photographs  were  specially 
taken  for  Page's  Magazine]  on  the  morning  of  the 
visit  by  Messrs.  W.  Watson  and  Sons,  of  High 
Holborn.  An  account  of  f  the  methods  employed, 
which  are  of  considerable  interest  to  photographers, 
will  be  found  on  page  [56,  under  "Engineering 
Photography." 

The  members  made  a  complete  tour  of  the  works  in 
small  parties,  an  arrangement 
which  rendered  it  possible  for 
those  interested  in  special 
machinery  to  obtain  the  fullest 
information.  A  large  share  of 
attention  fell  to  the  various 
types  of  Corliss  winding 
engines,  which  are  made  by 
this  firm  for  use  in  all  parts  of 
the  world,  and  erected  com- 
plete in  the  shops  before  ship- 
ment. Most  of  the  winding 
engines  in  the  shop  were  for 
English  collieries, including  the 
plant  shown  in  course  of 
erection  on  the  opposite  page, 
which  is  intended  for  the  Earl 
of  Dudley's  collieries  and  is  the 
largest  ever  sent  out  from  these 
works.  It  is  a  four-cylinder 
direct-acting  winding  engine, 
with  double  tandem  compound 
Corliss  engines,  the  Corliss  cy- 
linders being  26  in.  diameter 
high-pressure,  and  45  in.  low- 
pressure,  by  66-in.  stroke.  The 
winding  drum,  not  shown  in 
the  photograph,  is  double 
conical  ;  it  has  a  maximum 
diameter  of  18  ft.  and  is  10  ft. 
6in.  wide.  The  maximum  coal 
load  is  7  tons,  and  can  be  lifted 
frbfn  a  depth  of  1,800  ft.  at  a 
rope  speed  of  3,500  ft.  per 
minute. 

Another  of  these  machines 
is  being  erected  for  the  Tas- 
mania Gold  Mining  Co.,  Ltd. 
The  winder  in  this  case  will 
hoist  from  a  depth  of  2,000  ft. 
at  a  maximum  rope  speed 
of  1,600  ft.  per  minute,  the 
normal  capacity  of  the  winder 
being  50  tons  per  hour.  Other 
large  winders  are  being  erec- 
ted   for    Messrs.   Penrychriber 


Photo  by  Watson  ] 


FIG.    I.      FOUR-CYLINDER   COMPOUND  CORLISS   WINDING    ENGINE. 
For  the  Earl  of  Dudley's  Colliery. 


Photo  by  liaison.] 


FIG.    2.      VIEW     IN     MAIN     MACHINE     SHOP     AT     THE     ERITH     WORKS. 
The  spiral  part  of  a  winding  drum  is  seen  in  foreground. 
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HORIZONTAL    HORIXG    MILL    AT    THE    ERITH    WORKS. 
Machining  Corliss  Cylinder  and  Valve  Ports  simultaneously. 


VIEW    IN    MAIN    MACHINE    SHOP   AT    ERITH,    SHOWING    HEAVY    MACHINE  TOOLS. 

(54) 
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Photo  by  Watson.] 

ANOTHER    VIEW    IX    THE    SAME   SHOP,    SHOWING  LIGHT    MACHINE    TOOLS. 


Navigation  Collieries.  Naths  Navigation  Collieries  and 
Bridgwater  Trustees. 

A  good  deal  of  time  was  occupied  in  examining  valve 
gear,  levers  for  stopping  and  starting(  clutches.  Fraser 
and  Chalmers'  patent  safety  brakes,  and  other  details 
of  the  winding  apparatus,  and  visitors  had  an  oppor- 
tunity of  comparing  the  merits  of  the  round  rope  and 
flat  rope  methods  of  winding,  and  of  studying  the  latest 
improvements  in  rock  drills  and  other  mining  and 
metallurgical  machinery.  A  large  Riedler  pump  was 
shown  at  work  pumping  175  gallons  per  minute  with 
600  -ft.  head  working  at  1 50  revolutions  per  minute 
with  very  little  noise.  In  the  foundry  much  interest 
was  displayed  in  the  casting  of  spiral  drums  used  for 
the  winders  (one  end  of  a  spiral  drum  is  shown  on 
page  53),  while  in  the  adjoining  yard  were  to  be  seen  a 
number  of  rock  breakers,  ore  bins,  etc.,  ready  for 
dispatch. 

Specially  noticeable  were  a  number  of  cyanide  vats 
in  course  of  erection,  prior  to  their  dispatch  to  South 


Africa.  The  firm  at  the  present  time  has  on  hand  some 
18  of  these  50-ft.  vats.  Much  interest  was  also  taken 
in  Messrs.  Fraser  and  Chalmers'  system  of  keeping 
drawings  and  plans,  a  thoroughly  efficient  card  classifi- 
cation being  employed.  The  spacious  shops  at  Erith 
are  admirably  situated,  and  the  room  for  extension  is 
practically  unlimited. 

At  the  close  of  the  inspection  the  members  of  the 
party  assembled  in  the  staff  dining-room  where  light 
refreshments  were  hospitably  dispensed. 

THE     ANNUAL     DINNER. 

The  annual  dinner  of  the  Institution  of  Mining 
Engineers  was  held  on  the  Thursday  evening 
at  the  Holborn  Restaurant,  Mr.  James  Cope  Cadman 
(President)  in  the  chair.  As  usual,  the  function  proved 
most  enjoyable,  and  among  the  guests  were  Mr.  Henning 
Jennings.  President  of  the  Institution  of  Mining  and 
Metallurgy,  and  Sir  William  White,  President  of  the 
Institution  oi  Civil  Engineers. 


PHOTOGRAPHY     FOR     ENGINEERS. 


IN  opening  a  section  of  the  Magazine  for  the  dis- 
cussion of  Engineering  Photography,  we  realise  the 
growing  importance  of  the  functions  which  the  camera 
plays  in  the  development  of  the  industries  with  which 
this  Magazine  is  concerned. 

We  cordially  invite  our  readers  to  utilise  these 
columns  for  the  ventilation  of  difficulties  and  the 
placing  on  record  of  points  of  interest  determined. 
At  the  same  time,  we  hope  from  time  to  time  to  call 
attention  to  new  developments  in  photography  which 
are  likely  to  be  of  special  use  to  engineers. 

Photography  in  Works. 

Now  that  photography  is  becoming  so  generally 
utilised  for  business  purposes,  it  is  not  surprising  to 
find  engineering  firms  including  photographic  apparatus 
in  their  regular  equipment,  either  for  taking  records 
of  their  productions,  or  for  securing  reliable  data  of 
work  in  progress  at  a  distance  from  headquarters. 

For  photography  in  the  works,  where  the  weight  is 
of  no  practical  consequence,  Messrs.  W.  Watson  and 
Sons,  of  313,  High  Holborn,  who  make  a  special  feature 
of  this  class  of  apparatus,  usually  recommend  a  square 
pattern  camera,  provided  with  very  long  extension, 
for  taking  large  size  pictures  of  small  parts  of  machinery, 
and  having  rising  front  and  swing  back  in  both  direc- 
tions. Strength  and  solidity  to  provide  for  any  amount 
of  hard  wear  and  tear  are  most  desirable,  and  are  made 
a  first  consideration  in  such  cameras  as  the  "  Premier," 
which  has  been  specially  designed  for  engineers. 

Where  the  work  to  be  photographed  is  away  from 
home,  or  in  different  places,  as  in  case  of  railway 
construction,  mining,  etc.,  and  the  apparatus  has  to 
be  carried  about,  a  lighter  form  of  camera,  such  as 
the  "  Acme,"  is  desirable,  but  in  this  case  also  strength 
and  rigidity  are  points   to  be  insisted  upon. 

Choice  of  Lens. 

1  The  choice  of  a  lens  is,  of  course,  another  point  of 
the  very  greatest  importance.  The  engineer's  work 
may  be  large  or  small,  the  space  in  which  it  is  to  be 
photographed  ample  or  confined.  These  conditions 
would  formerly  have  necessitated  two  or  three  separate 
lenses  of  different  foci,  but  Messrs.  Watson  have  over- 
come the  difficulty  by  producing  a  new  lens,  the  con- 
vertible "  Holostigmat,"  which  offers  the  choice 
of  three  different  foci,  the  two  components  being 
perfect  lenses  in  themselves,  and,  in  conjunction, 
forming  a  medium  angle  lens  of  extreme  rapidity,  with 
perfect  definition. 

Some  Examples. 

The  work  of  these  lenses  is  well  illustrated  in  the 
preceding  pages,  the  views  taken  in  the  works  of  Aiessrs. 
Eraser  and  Chalmers,  Ltd.,  having  been  taken  by  Messrs. 
Watson,  under  the  following  conditions  : — 

The  lower  view  on  page  54  (heavy  machine  tools)  was 
taken  on  an  8^-in.  by  6'-in.  plate  with  a  series  1  Holos- 
tigmat ^-plate  lens,  oJ,-in.  locus,  with  stop//22.  All  these 
views,  except  the  one  shown  on  page  52,  have  been 
slightly  trimmed  at  the  top,  but  none  ol  the  photos  have 
been  it-touched. 

The  photo  of  four-cylinder  compound  Corliss 
winding  engine  (page  53)  was  taken  with  the  same 
lense,  but  with  stop // 16.  Only  a  portion  of  this  photo 
has  been  reproduced  same  size.  All  the  other  views  are 
reduced  from  photos  8-in.  by  6.j-in. 


The  view  of  vertical  boring  mill  (page  52),  the  lower 
view  of  main  machine  shop  (page  53),  and  the  hori- 
zontal boring  machine  (page  54)  were  taken  on  the 
same  size  plate  with  series  1  Holostigmat  whole  plate 
lens,  8^-in.  focus.  stop///6.  The  view  in  main  machine 
shop,  showing  light  machine  tools  (page  55)  was  taken 
under  similar  conditions  with  stop//22. 

The  Development  of  Photo-Copies. 

The  following  hints  on  the  development  of  photo- 
copies are  given  in  a  new  pamphlet  issued  by  Messrs. 
B.  J.  Hall  and  Co.,  dealing  with  appliances  for  photo- 
printing  by  the  electric  arc  : — 

Ferro-Prussiate  Papers. 

After  removal  from  the  frame,  the  print  must  be 
thoroughly  washed  in  clean  water  until  the  lines 
become  white.  The  print  may  be  plunged  into  a 
bath  filled  with  water,  or  laid  face  upwards  in  an 
empty  bath  and  thoroughly  flushed  over  by  means 
of  an  indiarubber  pipe.  When  the  lines  are  white, 
hang  the  print  up  to  dry.  It  is  better  to  use  clean 
water  for  every  print  when  possible.  Over-exposed 
prints  may  be  restored  by  using  tonic  ;  under-exposed 
prints  may  be  slightly  intensified  by  using  a  weak 
solution  of  sulphuric  acid.  In  either  case  they  must 
be  thoroughly  washed  afterwards. 

Ferro-Gallie  Papers. 

Water  Bath. — Plunge  the  print  face  downwards  in 
a  bath  having  a  depth  of  not  less  than  i£in.  of  clean 
water,  carefully  rub  over  back  to  expel  all  air  bubbles, 
and  leave  for  a  minute  or  two,  until  the  line  becomes 
black  and  the  ground  white.  The  development  is 
more  rapid  with  water  at  a  temperature  of  70  deg. 
or  80  deg.  F.  Flush  off  thoroughly  with  clean  water, 
and  hang  up  to  dry. 

If  the  print  has  a  mauve  ground,  exposure  to  the 
light  has  been  insufficient.  Over-exposure  will  whiten 
the  ground,  but  weaken  the  lines.  Broken  lines  are 
due  to  bad  contact  when  placing  the  tracing  and 
sensitised  paper  in  the  frame  ;  this  may  be  avoided 
by  using  greater  care.  Violet  lines  result  from  the 
ink  on  the  original  being  too  weak,  and  in  consequence 
allowing  a  portion  of  the  light  to  penetrate  the  line 
and  affect  the  paper  below.  In  preparation  of  originals 
it  is  not  necessary  that  the  lines  should  be  wide,  but 
they  must  have  body. 

Acid  Bath. — Lay  the  print,  face  upwards,  on  the 
glass  bottom  of  an  empty  water  bath,  pour  upon  it 
a  tumblerful  of  developing  solution,  distribute  with  a 
soft,  wide  brush,  and  keep  the  solution  on  the  surface 
of  the  paper  until  the  yellow  lines  become  quite  black. 
Thoroughly  wash  off  and  hang  up  to  dry.  It  is  the 
practice  in  many  cases  to  plunge  the  print  into  a 
lead-lined  bath  containing  a  solution  of  gallic  acid,  and 
afterwards  to  remove  it  to  the  water  bath  for  washing. 
This  extra  bath  is  not  necessary,  and  better  results  are 
obtained  by  using  clean  developer  for  each  print.  The 
developing  solution  is  prepared  by  dissolving  £  oz.  of 
gallic  acid  in  boiling  water.  Sufficient  cold  water  should 
be  afterwards  added  to  make  up  a  gallon.  This  may 
be  kept  any  length  of  time  in  a  bucket  or  stone  jar. 
It  acts  more  rapidly  when  at  a  temperature  of  70  deg. 
or  80  deg.  F. 


W 


NEW    TYPE    OF    EXPRESS    LOCOMOTIVE,    CONSTRUCTED    BY    MESSRS.     HENSCHEL    AND    SONS, 

OF    CASSEL. 

".P.M.*'    MONTHLY    ILLUSTRATED   NOTE5. 


A  New   Type  of  German   Locomotive. 

On  Thursday,  the  4th  inst.,  a  locomotive  of  a  special 
type  left  the  works  of  Messrs.  Henschel  and  Sons,  of 
Cassel,  Germany,  and  is  at  present  in  the  hands  of 
the  Cassel  Railway  Company  for  testing  purposes. 

The  locomotive  is  to  be  used  for  the  express  service. 
It  is  constructed  for  a  speed  of  1 30  kilometres  per  hour, 
and  develops,  with  a  charge  of  180  t.  (4-5  four-axle 
carriages),  about  1,400  h.p.  The  driving  apparatus 
consists  of  three  cylinders  ;  the  middle  one  of  these, 
which  actuates  the  first  driving  axle,  receives  the 
steam  hrst,  and  the  two  other  cylinders  which  are 
outside  the  frame  actuate  the  second  driving  axle. 
Besides  these  two-coupled  driving  axles,  the  loco- 
motive has  also  four  running  axles,  two  of  which 
are  in  front  and  two  behind. 

The  tender  has  also  two  double  axles.  All  the  axles 
of  the  locomotive  and  of  the  tender  are  provided  with 
hand  or  air  brakes,  the  power  of  which  exceeds  bv 
two  atmospheres  the  power  of  those  in  general  use 
up  to  the  present. 

The  locomotive  and  tender  have  a  total  length  of 
wheel  equal  to  818  in.,  the  length  for  the  locomotive 
alone  being  4^2  in.  The  distance  between  the  front 
buffer  of  the  locomotive  to  the  end  buffer  of  the  tender 
is  977  in.  As  regards  outward  appearance,  the  loco- 
motive and  tender  differ  from  those  in  use  up  to  the 
present.  They  are  entirely  encased  in  a  metal  sheath- 
ing, which  is  pointed  in  the  shape  of  a  keel  in  the 
front  of  the^locomotive,  for  the  purpose  of  reducing 
the  resistance  of  the  air.     By  this  arrangement,   the 


builders  hope  to  effect  a  saving  of  250  h.p.  to  300  h.p. 
The  engine-driver's  place  is  in  a  cab  situated  in  front 
of  the  pointed  part  of  the  engine,  from  which  place 
all  the  steering  is  done.  There  is  also  in  the  cab  a 
second  or  assistant  driver,  who  also  assists  the  stoker 
in  his  work.  For  running  the  engine  backwards,  which 
is  found  necessary  in  railway  stations,  the  assistant- 
driver  looks  after  the  brake  and  whistle  at  the  back 
of  the  tender.  From  here  and  also  from  the  stoker's 
place,  verbal  messages  can  be  sent  to  the  driver's  cab. 
In  order  to  facilitate  communications  on  the  engines, 
there  are  passages  on  the  right  and  left  within  the 
steel  sheathing.  At  the  back  of  the  tender  there  is 
the  usual  passage  to  the  train,  so  that  it  is  possible 
to  keep  up  communications  throughout  the  whole 
length  of  the  train,  from  the  engine-driver  in  the  front 
part  up  to  the  guard  at  the  end.  The  fire-grate  of  the 
locomotive  is  42  square  metres,  and  can  burn  1,600 
kilogrammes  of  coal  per  hour.  The  heating  surface 
of    the  boiler  is  257  square  metres. 

The  tender  carries  20  cubic  metres  of  water,  and  can 
take  7  t.  of  coal.  The  weight  of  the  fully  equipped 
locomotive  is  85,000  kilogrammes,  and  of  the  tender 
58,000  kilogrammes.  The  charge  on  the  axles  never 
exceeds  the  regulation  weight. 

The  locomotive  was  constructed  entirely  on  the 
plans  of  Mr.  Wittfeld,  of  the  Berlin  Ministry  of  Public 
Works,  bv  Messrs.  Henschel  and  Sons,  of  Cassel. 
After  having  been  put  to  the  test  on  the  Cassel,  Hanover 
and  Berlin  lines  by  the  Prussian  Railway  authorities, 
this  locomotive,  together  with  two  others  of  Messrs. 
Henschel  and  Sons,  will  be  exhibited  at  St.  Louis. 
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A  Reconstructed  and  Enlarged  Central 
Station. 

An  illustrated  booklet  recently  issued  by  the  British 
Westinghouse  Company  gives  a  detailed  description 
of  the  power  plant  employed  by  the  Meriden  Electric 
Light  Company,  as  reconstructed,  and  embraces 
several  points  of  special  interest  to  electrical  engineers. 

A  feature  of  the  plant  is  the  system  in  use  for 
separating  the  oil  from  condensed  steam  in  order  that 
the  water  may  be  again  used  in  the  boilers.  The 
system  embodies  three  main  functions  :  mechanical  oil 
separators  in  each  engine  exhaust,  a  vacuum  trap, 
and  filtration  through  oil-absorbent  substances.  Each 
engine  exhaust  pipe  extends  through  the  floor,  and 
connects  with  the  exhaust  main  through  the  7-in. 
offset  in  which  is  located  a  De  Rycke  oil  separator. 
These  separators  operate  on  the  centrifugal  principle, 
the  current  of  steam  during  its  discharge  being  thrown 
into  rapid  whirling  motion  by  a  set  of  spiral  vanes. 
The  entrained  moisture  and  oil  are  thrown  against  the 
interior  of  the  separator  and  gravitate  to  a  pocket 
beneath,  which  is  provided  with  a  gauge  glass  for 
observing  the  depth  of  the  liquid.  The  oil  pockets 
are  piped  through  valves  to  an  oil  main  which  dis- 
charges into  a  receiving  tank.  The  tank  is  air-tight 
with  a  dished  head  and  a  large  gauge  glass.  A  discharge 
pipe  leads  from  near  the  bottom  of  the  tank  to  the 
brook. 

The  system  is  not  automatic.  The  receiver  tank 
has  a  capacity  of  250  gallons  and  the  present  accumu- 
lation amounts  to  about  220  gallons  of  fluid  per  day. 
This  consists  of  small  quantities  of  heavy  black  oil, 
together  with  an  emulsion  having  an  approximate 
proportion  of  1  to  50.  A  rectangular  steel  tank  serves 
the  double  purpose  of  filter  tank  and  hot  well.  It  is 
approximately  3  ft.  by  10  ft.  by  5  ft.,  and  is  built  of 
sheet  steel  properly  re-enforced  with  angle  iron.  The 
filter  compartment  consists  of  a  series  of  vertical 
baffles,  each  sliding  inways  for  convenience  of  cleaning. 
Between  the  baffles  sponges  are  packed  and  held  down 
by  wire  gauze.  The  steam  from  the  condenser  is  dis- 
charged into  the  first  partition,  pursuing  a  zig-zag 
course  around  the  baffles  to  the  hot  well  at  the  other 
end  of  the  tank.  Whatever  oil  escapes  the  separators 
is  usually  removed  by  the  sponge  filters,  and  the  water 
is  then  pumped  directly  from  the  hot  well  into  the 
boilers.  At  intervals  of  about  a  week  the  sponges  are 
taken  out  and  boiled  to  remove  the  collection  of  oil. 


same  make.  At  the  conclusion  of  the  inspection  Mr. 
E.  Eade,  member  of  council,  expressed  the  acknowledg- 
ment of  the  members  to  Messrs.  Napier  for  the  enjoyable 
evening  which  had  been  afforded. 


The  Junior  Institution  of  Engineers. 

On  June  14th  about  120  members  of  the  above 
Institution  visited  the  motor-car  works  of  Messrs.  D. 
Napier  and  Sons,  Acton  Vale.  A  new  type  of  motor 
has  recently  been  introduced  at  these  works,  with 
6  cylinders,  cast  in  three  parts,  and  mounted  on  an 
aluminium  crank  case.  All  work  is  finished  to  gauge. 
Motive  power  is  obtained  from  an  x<>-h.p.  Westinghouse 
3-cylii  dcr  gas  engine,  and  a  2-cylinclcr  engine  of  the 


Business  and  Professional. 

Messrs.  Lobnitz  and  Co.,  Ltd.,  Renfrew,  are  con- 
structing a  powerful  gold  dredger  for  the  Societe  des 
Dragages  Auri feres  du  Tinkisso. 

The  Canadian  business  of  the  Allis-Chalmers  Com- 
pany, which  recently  acquired  the  Bullock  Electric 
Manufacturing  Company,  of  Cincinnati,  will  hereafter 
be  conducted  by  a  new  organisation  bearing  the  name 
Allis-Chalmers-Bullock,  Ltd.  The  works  and  principal 
offices  of  the  new  Canadian  Company  are  in  Montreal. 

The  Electricity  Company  which  supplies  the  areas 
on  the  left  bank  of  the  Seine  at  Paris  has  decided  to 
extend  its  generating  station  at  Issy.  Four  Westirg- 
house  alternators  of  600  kilowatts  each  are  to  be' 
installed  in  place  of  the  former  units,  the  latter  being 
now  too  small  to  cope  with  the  increased  demand 
for  energy. 

The  reports  that  appeared  in  some  of  the  daily 
papers  as  to  their  recent  fire  having  caused  the  impres- 
sion that  the  Canning  Town  head  premises  of  Messrs - 
J.  H.  Sankey  and  Son,  Ltd.,  have  been  destroyed, 
they  call  attention  to  the  fact  that  the  glazed  brick 
store  at  their  L.  and  N.W.  Railway  depot  only  was 
burnt.  The  fire  has  not  and  will  not  affect  the  carry- 
ing out  of  contracts. 

Mr.  H.  V.  Croll,  who  has  been  in  charge  of  the  Salt 
Lake  City,  Utah,  office  of  the  Company  for  several 
years,  and  who  was  before  that  the  representative  of 
the  E.  P.  Allis  Company  at  Spokane,  Washington,  has 
been  appointed  to  the  charge  of  the  Allis-Chalmers 
Office  in  San  Francisco,  as  the  successor  of  Mr.  George 
Ames,  who  has  resigned.  Mr.  Croll's  San  Francisco 
office  is  623,  Hayward  Building. 

Mr.  James  W.  Lyons,  who  has  been  for  many  years 
associated  with  the  same  company  in  the  capacity 
of  engine  salesman,  has  been  appointed  manager  of 
their  newly  created  power  department,  with  head- 
quarters in  Chicago.  This  department  will  control  the 
output  of  reciprocating  steam  engines,  steam  turbines 
(entire  unit  including  turbo-generators),  condensers, 
gas  engines,  pumping  engines,  blowing  engines, 
hoisting  engines,  and  air  compressors. 

Messrs.  W.  R.  Renshaw  and  Co.,  Ltd.,  have  in  hand 
at  the  present  time  an  order  from  the  Great  Western  of 
Brazil  Railway  Company,  Ltd.,  for  fifty  sets  of  iron- 
work (i.e.,  wagons  complete  with  the  exception  of  the 
wooden  bodies  and  wheels)  for  12-ton  8-wheeled 
bogie  wagons  for  shipment  to  Brazil.  They  are  also 
completing  twenty-eight  gunpowder  vans  for  the 
North  British  Railway  Company,  which  are  being 
constructed  throughout  to  the  latest  requirements  of 
the  Railway  Clearing  House  for  this  class  of  rolling 
stock. 
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Fourth  New  Midland  Steamer. 
The  last  of  the  four  new  steamers  built  for  the 
Midland  Railway  Company  has  now  been  launched, 
and  has  been  christened  the  Manxman.  The  new 
vessel  has  been  built  by  Messrs.  Vickers,  Sons  and 
Maxim.  The  other  steamers  built  for  the  Company  in 
connection  with  the  Heysham  Dock  enterprise  are  the 
Antrim,  built  by  Messrs.  Brown,  of  Clydebank;  the 
Donegal,  by  Messrs.  Caird,  of  Greenock  ;  and  the 
Londonderry,  by  Messrs.  Denny,  of  Dumbarton.  The 
Londonderry  and  the  Manxman  will  both  be  propelled 
with  turbines,  but  in  the  one  case  they  will  be  worked 
with  an  initial  steam  pressure  of  150  lb.  to  the  square 
inch,  while  in  the  Manxman  steam  will  be  supplied  at 
200  lb.  pressure.  It  will,  therefore,  be  possible  to 
ascertain  by  actual  experiment,  whether  the  increased 
steam  pressure  with  its  attendant  increase  in  the  weight 
of  the  machinery,  is  a  step  in  the  right  direction.  The 
reversing  turbines  of  the  Manxman,  which  are  fitted 
on  the  two  side-shafts  abaft  of,  and  in  the  same  casing 
as  the  low-pressure  turbines,  are  more  powerful  than 
any  that  have  been  put  into  any  previous  ship,  being 
capable  of  developing  power  equal  to  more  than  50 
per  cent,  of  that  available  for  going  ahead.  De  Laval 
turbines  are  to  be  installed  for  driving  dynamos,  which 
will  supply  electricity  not  only  for  lighting  the  ship, 
but  also  for  various  power  purposes,  while  the  dynamos 
in  the  Londonderry  are  driven  b\-  Parsons  turbines. 


Machinery  at  the  Rcyal  Agricultural  Shew. 

The  number  of  exhibitors'  stands  in  the  implement 
and  machinery  department  at  the  Royal  Agricultural 
Show  at  Park  Royal  was  the  lowest  for  some  years, 
and  showed  a  falling  off  to  the  extent  of  106  compared 
with  the  last  exhibition.  The  section  for  machinery 
in  motion  fell  to  2,060  ft.,  which  is  the  lowest  for  more 
than  a  dozen  years.  Implements  entered  as  "new," 
to  obtain  if  possible  the  Society's  silver  medals,  num- 
bered 66,  or  29  below  last  year's  total.  This  section 
of  the  show,  nevertheless,  proved  to  be  of  considerable 
interest,  and  we  shall  deal  with  several  prominent 
features  in  our  next  issue. 


A  Power  Plant  for  Cape  Colony. 
Messrs.  Mather  and  Piatt,  Ltd.,  have  just  been 
awarded  by  the  Admiralty  the  complete  contract  for 
the  whole  of  the  plant  to  be  erected  at  the  dockyard. 
Simon's  Bay,  Cape  Colony,  for  supplying  electricitv 
for  lighting  and  power.  This  contract  covers:  (1) 
Two  boilers  of  Babcock  and  Wilcox's  make,  each 
capable  of  evaporating  8,000  lb.  of  water  per  hour, 
and  working  at  a  pressure  of  160  lb.,  together  with 
feed  pumps  and  all  the  piping  ;  (2)Two  steam  dynamos, 
each  set  comprising  a  2-crank  compound  double-acting 
engine  by  Browett-Lindley,  direct  coupled  to  a  Mather 
and  Piatt  200-kilowatt  multipolar  shunt  wound  dvnamo, 
to  give  this  output  at  any  pressure  from  220  volts  to 
250  volts,  and  to  carry  25  per  cent,  overload  ;  (3)  A 
surface  condenser  with  steam-driven  air  pump  and 
motor-driven  circulating  pump  ;  (4)  Overhead  travelling 
crane;     (5)    Storage    battery    of    500    ampere    hours 


capacity  ;  (6)  Booster  for  charging  the  above  battery  ; 
(7)  Two  portable  motor -generators  to  convert  the 
220-volt  current  to  any  pressure  between  80  and  no 
volts  for  use  on  ship  circuits  ;  (8)  Switchboard  with 
two  dynamo  panels,  battery  panel,  motor  panel,  and 
6-feeder  panels,  all  mounted  with  necessary  instruments, 
switches  and  fuses  ;  (9)  A  large  number  of  motors  for 
the  workshops,  varying  in  power  from  5  b.h.p.  to 
50  b.h.p.  together  with  starters,  all  connections, 
testing  instruments,   etc. 


A  new  2-in.  Centre  Friction  Geared  Chucking 
Lathe  with  4* -in.  hole  in  Spindle. 

We  are  indebted  to  Messrs.  H.  W.  Ward  and  Co. 
for  the  accompanying  illustration  of  a  new  lathe, 
which  is  a  heavy  tool  suitable  for  all  classes  of  chucking 
and  bar  work. 

The  bed  is  strong,  wide  and  well  ribbed  ;  it  has 
large  bearing  surfaces,  square  edges,  and  is  supported 
on  two  box  pedestals,  and  has  a  large  oil  pan  so  arranged 
as  to  collect  the  oil  and  strain  it  into  a  well  underneath, 
to  which  the  pump  is  connected. 

The  headstock  carries  a  spindle  of  hard  steel,  which 
runs  in  split  parallel  gun-metal  bearings,  arranged  with 
caps  to  take  up  the  wear  and  friction  washers  to  take 
the  thrust  ;  the  hole  through  the  spindle  is  4^  in.  wide 
to  allow  of  4^-in.  black  bars  being  passed  through. 
The  driving  cone  has  three  speeds,  and  carries  a  belt 
4i  in.  wide,  and  the  gear  is  of  the  power  of  8  to  1,  and 
being  a  friction  drive  may  be  thrown  in  or  out  whilst 
the  machine  is  in  motion  by  the  lever  in  the  front  of 
the  headstock. 

The  cross-slide  has  automatic  sliding  and  surfacing 
feeds,  and  is  also  arranged  for  screw-cutting  :  the  top 
slide  carries  on  the  front  a  square  turret  for  four  tools, 
and  has  an  indexing  arrangement  for  bringing  the  tools 
into  position:  on  the  back  of  the  slide  is  an  ordinary 
square  tool-post  to  carry  two  tools. 

The  feed  motion  to  cross-slide  and  saddle  is  taken 
from  the  tail  end  of  the  spindle  by  a  train  of  spur 
gear  to  the  change  boxes  under  the  headstock.  These 
boxes  contain  eight  changes  and  a  reversing  motion 
any  of  which  may  be  instantly  obtained  whilst  the 
machine  is  running  by  the  use  of  the  three  levers  on 
the  front  of  the  box.  Four  of  these  changes  of  motion 
communicate  with  leader  hub,  so  that  four  different 
threads  may  be  cut  from  the  one  hub,  either  right  or 
left  hand. 

The  turret  is  hexagonal  in  form,  and  is  15J  in.  across 
the  flats  ;  it  is  carried  on  a  strong  saddle  which  slides 
on  the  bed  and  may  be  operated  by  either  hand  or 
feed.  The  turret  revolves  on  a  large  bung  and  is 
indexed  by  a  cylindrical  bolt  of  large  diameter,  which 
is  hardened  and  ground,  and  fits  in  locating  bushes, 
which  are  also  hardened  and  ground. 

The  bolt  is  withdrawn  by  lever  when  it  is  required 
to  revolve  the  turret,  and  is  returned  to  its  place  after 
revolving  by  a  spring  sufficiently  strong  to  properly 
locate  the  turret,  which  is  then  firmly  locked  in  position 
by  a  grip  ring  around  the  outside  diameter  of  the  turret. 
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NIKOLA   TESLA   AND   HIS  "  WORLD  TELEGRAPHY." 


NIKOLA  TESLA  (whose  portrait  appears  as  the 
frontispiece  of  our  present  issue)  was  born  at 
Smiljan,  Austria,  and  was  educated  chiefly  at 
Carlstadt.  Electricity  early  attracted  him,  and  while 
an  engineering  student  at  the  Polytechnic  School 
at  Gratz  he  devoted  all  his  spare  time  to  that 
study.  He  was  subsequently  engaged  in  the 
engineering  department  of  the  telegraph  at 
Buda  Pesth,  and  in  1881  turned  his  attention  to 
improving  the  construction  of  dynamos.  From  1882 
to  1884  he  resided  in  Paris,  acquiring  experience  with 
one  of  the  leading  electrical  companies,  and  in  1884 
took  up  residence  in  America,  where  he  has  brought 
out  a  number  of  inventions  of  great  value  to  the  elec- 
trical profession.  Among  these  may  be  mentioned  a 
system  of  arc  lighting,  a  potential  regulation  of  dynamos 
and  motors  (which  in  one  modification  is  now  known 
as  the  "third  brush  regulation"),  a  thermo-magnetic 
motor  and  generator,  a  double-disc  dynamo,  and  various 
types  of  alternate-current  motors.  He  has  been  latterlv 
engaged  in  the  study  of  alternating  currents  of  high 
tension  and  high  frequency. 

When  the  "  Electrical  World  and  Engineer  "  cele- 
brated its  thirtieth  birthday,  Tesla  contributed  an 
interesting  account  of  his  researches,  and  described 
his  magnifying  transmitter,  by  the  aid  of  which  we 
are  promised  that  the  globe  will  be  transformed.  A 
Tesla  central  power  plant  and  transmitting  tower  for 
"  World  Telegraphy  "  is  being  erected  at  Warden- 
clyffe,  Long  Island,  N.Y. 

Much,  says  Tesla,  has  already  been  done  towards 
making  my  system  commercially  available,  in  the  trans- 
mission of  energy  in  small  amounts  for  specific  purposes 
as  well  as  on  an  industrial  scale.  The  results  attained 
by  me  have  made  my  scheme  of  intelligence  trans- 
mission, for  which  the  name  of  "  World  Telegraphv  " 
has  been  suggested,  easily  realisable.     It  involves  the 


employment  of  a  number  of  plants,  all  of  which  are 
capable  of  transmitting  individualised  signals  to  the 
uttermost  confines  of  the  earth.  Each  of  them  will 
be  preferably  located  near  some  important  centre  of 
civilisation,  and  the  news  it  receives  through  any 
channel  will  be  flashed  to  all  points  of  the  globe.  A 
cheap  and  simple  device,  which  might  be  carried  in 
one's  pocket,  may  then  be  set  up  somewhere  on  sea 
or  land,  and  it  will  record  the  world's  news  or  such 
special  messages  as  may  be  intended  for  it.  Thus 
the  entire  earth  will  be  converted  into  a  huge  brain,  as 
it  were,  capable  of  response  in  every  one  of  its  parts- 
Since  a  single  plant  of  but  one  hundred  horse  power 
can  operate  hundreds  of  millions  of  instruments,  the 
svstem  will  have  a  virtually  infinite  working  capacity, 
and  it  must  needs  immensely  facilitate  and  cheapen 
the  transmission  of  intelligence. 

The  first  of  these  central  plants  would  have  been 
alreadv  completed  had  it  not  been  for  unforeseen 
delays  which,  fortunately,  have  nothing  to  do  with  its 
purelv  technical  features.  But  this  loss  of  time,  while 
vexatious,  may,  after  all,  prove  to  be  a  blessing  in 
disguise.  The  best  design  of  which  I  knew  has  been 
adopted,  and  the  transmitter  will  emit  a  wave  com. 
plex  of  a  total  maximum  activity  of  ten  million  horse- 
power, one  per  cent,  of  which  is  amply  sufficient  to 
"  girdle  the  globe."  This  enormous  rate  of  energy 
delivery,  approximately  twice  that  of  the  combined 
falls  of  Niagara,  is  obtainable  only  by  the  use  of  certain 
artifices,  which  I  shall  make  known  in  due  course. 

Tesla  states  that  one  of  the  chief  uses  of  his  invention 
will  be  the  illumination  of  isolated  homes.  It  takes 
very  little  power  to  light  a  dwelling  with  vacuum 
tubes  operated  by  high-frequency  currents  and  in  each 
instance  a  terminal  a  little  above  the  roof  will  be 
sufficient.  Another  valuable  application  will  be  the 
driving  of  clocks  and  other  such  apparatus. 
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Right   Hon.  Sir  BERNHARD   SAMUELSON,  Bart.,  F.R.S. 


SIR  BERNHARD  SAMUELSON,  whose  name 
is  so  widely  known  in  connection  with  technical 
education  and  the  development  of  the  British 
iron  industry,  was  born  November  22nd,  1820. 
He  was  privately  educated  at  Skerlaugh  in  York- 
shire, and  commenced  his  business  career  in  a 
mercantile  office  in  Liverpool,  subsequently  gaining 
a  great  deal  of  useful  experience  on  the  Continent, 
where  he  had  charge  of  some  extensive  contracts 
in  locomotive  work  for  Messrs.  Sharp,  Stewart  and 
Co.,  of  Manchester. 

He  returned  to  England  at  the  age  of  twenty-seven, 
and  laid  the  foundation  of  his  fortune  by  purchasing 
some  small  implement  works  and  a  foundry  at  Banbury. 
In  conjunction  with  Mr.  John  Vaughan  he  took  an  active 
part  in  the  development  of  the  Cleveland  district.  In 
1853  a  site  was  purchased  at  South  Bank  for  the  erection 
of  three  blast  furnaces 
supplied  with  ironstone 
from  the  Eston  Mines. 
These  works  were  suc- 
cessfully carried  on 
until  1863,  when  the}' 
passed  into  the  hands 
of  the  late  Mr.  Thomas 
Vaughan,  from  whom 
they  were  acquired  by 
Bobekon,  Vaughan  and 
Co.,  under  whose  agis 
they  now  rank  among 
the  largest  in  the 
North  of  England. 

Sir  Bernhard  Samuel- 
son's  next  enterprise 
was  the  erection  of  four 
furnaces  at  Newport, 
near  Middlesbrough, 
having  an  enlarged 
capacity         of  from 

20,000  to         30  000 

cubic  feet,  or  nearly 
3,000  ft.  more  than  the 
next  largest  furnace  at 
that  time  built  in 
Cleveland.  In  1870  the 
furnaces  had  increased 
to  eight,  very  important 
economies  being  effected 
by  larger  capacity,  in- 
creased temperature  at 
the  tuyeres,  and  greater 
regularity  in  working 
consequent  upon  im- 
proved construction. 

•  The  Britannia  Iron  Works,  Middlesbrough 
were  commenced  in  1870,  many  acres  of 
what  was  originally  a  waste  marsh  being  reclaimed  by 
covering  it  with  slag,  and  transformed  into  a 
manufacturing  centre  of  first  importance.  At  the 
present  time  these  furnaces  give  employment  not 
only  to  workers  at  Middlesbrough,  but  also  indirectly 
to  those  engaged  in  the  coal  mines  of  Durham  and 
the  ironstone  mines  of  Cleveland.  These  works,  very 
much  enlarged,  are  now  the  property  of  Durman, 
Long  and  Co.,  and  at  present  turn  out  from  3,000 
to  4,000  tons  of  steel,  chieliy  girders,  per  week. 

Our  space  does  not  permit  us  to  enter  into  the 
details  of  the  experiments  made  by  Sir  Bernhard 
Samuelson  for  the  manufacture  of  steel  from  Cleveland 
iron.  Though  unsuccessful  and  involving  a  loss  of 
£25,000  or  £30,000,  they  were  the  forerunners  of  what 
are  now  th<-  Britannia  Works. 


Photo  by  Lombardi  and  Co.] 
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Sir  Bernhard  Samuelson  is  the  holder  of  the  Telford 
medal  of  the  Institution  of  Civil  Engineers,  this  having 
been  awarded  to  him  for  his  essay  on  the  construction 
of  blast-furnaces. 

When  in  1867  the  country  was  waking  up  to  the 
need  of  technical  education,  Sir  Bernhard  Samuelson's 
knowledge  of  English  industrial  conditions  and  his 
Continental  experience  peculiarly  fitted  him  to  conduct 
a  personal  inquiry  into  the  systems  in  vogue  at  home, 
and  those  employed  in  France,  Belgium,  Germany, 
and  Switzerland.  His  report  was  published  as 
a  Parliamentary  paper,  and  was  for  years  referred 
to  in  all  debates  on  technical  education.  He  followed 
this  up  by  a  Parliamentary  Inquiry  into  the  education 
of  the  workmen  of  our  manufactories  in  1868.  Sir 
Bernhard         was        chairman,      and        the  report 

of     the    committee     was     adopted    by       the       House 

of  Commons.  He  was 
a  member  of  the  late 
Duke  of  Devonshire's 
Royal  Commission  on 
scientific  instruction, 
which  issued  a  valuable 
report,  for  which  Sir 
Bernhard  was  respon- 
sible so  far  as  it  related 
to  the  Science  and 
Art  Department.  The 
recommendations  of  this 
report  were  acted  on  by 
subsequent  administra- 
tions, both  Liberal  and 
Conservative.  He  was 
a  member  also  of  the 
Royal  Commission  on 
Elementary  Education, 
presided  over  by  Vis- 
count Cross,  which 
reported  in  1888.  Sir 
Bernhard's  greatest 

work  on  this  subject 
was  that  of  the  Royal 
Commission  on  Tech- 
nical Instruction,  of 
which  he  was  chairman. 
The  work  extended  over 
the  years  1882,  1883, 
and  1884,  and  embraced 
an  examination  into  the 
systems  in  use  in  all 
parts  of  the  United 
Kingdom  and  a  great 
part  of  the  Continent  of 
Europe.  It  was  on  the 
successful  conclusion  of  his  labours  on  this  Commis- 
sion that  Her  late  Majesty  was  pleased  to  create  Mr. 
Samuelson  a  baronet  of  the  United  Kingdom.  He 
was  for  several  years  Chairman  of  the  Associated 
Chambers     of  Commerce  of  the  United    Kingdom, 

He  is  a  member  of  the  Institute  of  Civil  Engineers, 
Past-President  of  the  Iron  and  Steel  Institute,  a 
member  of  the  Cleveland  Institution  of  Engineers, 
of  the  North  of  England  Ironmasters'  Association, 
and  of  the  Middlesbrough  Chamber  of  Commerce, 
and  is  at  the  present  time  President  of  the  Cleveland 
Literary  and  Philosophical  Society- 

Sir  Bernhard  is  a  Fellow  of  "the  Royal  Society, 
and  holder  of  the  medal  of  the  Legion  of  Honour  of 
France.  He  is  a  magistrate  for  the  county  of  Oxford, 
and  has  twice  been  elected  an  alderman  of  the 
County  Council  of  Oxfordshire.  On  his  retirement 
Iroin  Parliament  he  was  created  a  Privy  Councillor, 
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SHIPBUILDING  N0TE5. 


Shipbuilding  and  the  A.S.E. 

The  second  half  of  the  shipbuilding  year  opens 
with  considerably  less  promise,  and  with  increased 
anxiety  as  to  the  profits  of  shipowners.  The  trade 
unions  seem  to  be  recognising  that  the  bustle  of  present 
activity  is  more  or  less  illusory.  So,  at  least,  one  may 
judge  from  what  Mr.  G.  X.  Barnes,  General  Secretary 
of  the  Amalgamated  Society  of  Engineers,  says  in  his 
annual  report.  He  states  that  last  year  was  charac- 
terised by  dull  trade  and  decreased  employment,  the 
donation  list  reaching  dimensions  which,  barring  the 
period  of  the  lock-out,  had  not  been  reached  for  some 
ten  years.  Wage  reductions  came  into  operation  in 
Scotland,  and  on  the  North-East  Coast,  at  Barrow, 
and  at  Belfast.  These  reductions,  by  negotiation  with 
the  Employers'  Federation  so  far  as  England  and 
Scotland  was  concerned,  and  with  the  Belfast  ship- 
building firms  for  Ireland,  were  delayed  and  minimised, 
and,  speaking  generally,  amounted  to  is.  per  week. 
The  society  was,  however,  convulsed  bv  voting  and 
counter-voting  thereupon  during  the  whole  time,  and 
although  the  recommendations  of  the  Executive 
Council  were  ultimately  given  effect  to,  it  was  onlv 
after  an  irregular  stoppage  of  work  on  the  Clvde, 
followed  by  the  rejection  of  three  Councilmen  whose 
term  of  office  happened  to  terminate  at  the  time,  and 
who  had  offered  themselves  for  re-election.  These 
happenings,  Mr.  Barnes  says,  denoted  an  amount  of 
unrest  and  dissatisfaction  unprecedented  in  the  society's 
history,  and  were  fraught,  he  believes,  with  more  than  lay 
on  the  surface.  In  the  main  they  denoted  the  violent 
clashing  of  two  antagonistic  principles — centralised 
authority  and  local  autonomy.  The  first  had  been 
imposed  upon  them  by  modern  conditions,  and  the 
second  had  been  to  many  one  of  the  prized  features 
•of  the  society,  since  its  inauguration  53  vears  ago. 
How  far  it  might  be  possible  to  harmonise  these  two 
ideas  time  alone  could  tell,  but  he  re-affirmed  his 
conviction  that  in  all  questions  of  trade  policy  there 
must  be  that  unity  of  purpose  and  control  which  it 
was  only  possible  to  obtain  from  a  common  centre- 
Let  that  centre  be  as  close  as  may  be  to  the  member- 
ship ;  let  it  be  brought  into  contact  with  the  actualities 
of  the  workshop,  as  well  as  with  the  larger  actualities 
which  surround  it  ;  let  its  proceedings  even  be  brought 
under  periodical  and  critical  review  ;  but  safety  to  the 
society  lies,  he  is  convinced,  only  in  yielding  due  respect 
to  its  recommendations  and  acquiescence  in  its  deci- 
sions. Localism  in  this  respect  was  indeed  in  their 
internal  affairs  but  a  form  of  that  sectionalism  which 
with  one  voice  they  descried  when  presented  ex ternallv 
in  the  garb  of  small  and  ineffective  organisation.  The 
funds   of    the    A.S.E.    at    the   beginning   of   the    year 


amounted  to  ^546,367,  and  at  the  close  to  £602, 4J5. 
The  membership  is  now  95,403,  an  increase  of  2,151  on 
the  previous  year. 

Filipinos  and  the  U.S. 

The  Collector  of  Customs  at  San  Francisco  recently 
levied  head  taxes,  aggregating  $212,  on  citizens  of  the 
Philippines  who  arrived  on  the  s.s.  Korea.  The 
Pacific  Steamship  Company  protested  to  the  Depart- 
ment of  Commerce  and  Labour,  contending  that 
citizens  of  the  Philippines  coming  to  the  United  States 
were  not  subject  to  head  tax  under  the  Immigration 
Laws,  and  Mr.  Cortelyou  asked  the  opinion  of  the 
Attorney-General  on  the  point.  Mr.  Knox,  in  bis 
opinion,  states  that  section  33  of  the  Act  of  March  3rd 
seems  to  settle  the  matter.  It  provides  "  That  for 
the  purposes  of  this  Act  the  words  '  United  States,' 
as  used  in  the  title  as  well  as  in  the  various  sections 
of  this  Act,  shall  be  construed  to  mean  the  United 
States  and  any  waters,  territory,  or  other  place  now. 
subject  to  the  jurisdiction  thereof."  In  a  note  Mr. 
Knox  adds:  "Head  tax  is  collectible  'at  any  port 
of  the  United  States,'  and  this  by  virtue  of  section  a 
includes  a  port  of  the  Philippines.  Perhaps,  also 
it  may  be  argued  that  a  citizen  of  the  Philippines  is 
1  a  citizen  of  the  United  States  '  within  the  meaning 
of  the  latter  phrase  in  section  1.  However  this  mav 
be,  we  must  give  a  reasonable  interpretation  to  the 
laws,  sometimes  at  variance  with  their  language,  and 
it  seems  incongruous  to  place  the  Philippines  within 
the  United  States  for  the  purpose  of  the  Act,  and 
the  Filipinos  among  the  taxed  outsiders." 

Cunard  Competition. 

Lord  Inverclyde,  of  Glasgow,  has  written  to  the 
newspapers  in  regard  to  Continental  emigrant  traffic 
with  America,  and  refers  to  the  contract  made  bv 
the  Cunard  Company  with  the  Hungarian  Government, 
which  includes,  among  other  things,  the  transportation 
of  Hungarian  passengers  from  the  Hungarian  port  of 
Fiume  to  New  York  at  a  fixed  rate  per  head.  The 
bitterest  opponents  of  this  agreement,  he  states,  have 
been  the  Norddeutscher-Lloyd  and  the  Hamburg- 
American  Packet  Company,  some  of  whose  attacks 
upon  it  can  only  be  justified  by  the  maxim  that  every- 
thing is  fair  in  commerce  as  in  war.  The  reason  of 
their  opposition,  no  doubt,  is  that  they  have  hitherto 
substantially  monopolised  the  whole  of  the  emigration 
from  Russia  and  the  northern  provinces  of  Austria 
and  Hungary,  and  they  are  reluctant  to  give  up  anv 
part  of  it.  These  two  companies  were  permitted  by  the 
German  Government  to  establish  control  stations  on 
the  north-eastern   and   eastern  frontiers   of  Germanv 
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in  connection  with  the  various  railway  lines  by  which 
emigrants  from  the  north-west  and  east  of  Europe  to 
the  United  States  and  Canada  cross  Germany.  At 
these  control  stations  all  emigrants  from  Russia, 
Austria,  and  Hungary  are  examined,  and,  if  necessary, 
disinfected,  before  they  are  allowed  to  pass  the  frontier, 
and  each  must  have  a  certificate  of  such  examination 
before  he  can  continue  his  journey.  The  practice  of 
the  German  lines,  however,  is  to  refuse  to  disinfect  the 
passenger,  or  give  such  a  certificate  unless  the  passenger 
has  booked  by  their  own  or  one  of  their  allied  lines, 
and  they  were  not  allowed  to  proceed  on  their  journey. 
Lord  Inverclyde  concludes  by  saying  that,  seeing  the 
freedom  with  which  the  steamers  of  the  two  German 
companies  in  question  are  allowed  to  come  to  British 
ports  and  take  British  passengers,  although  they  do 
not  conform  to  the  British  Board  of  Trade  regulations, 
this  stopping  of  Russian  and  Austrian  passengers 
intended  for  British  lines  is  indefensible  and  contrary 
to  international  usage.  He  also  adds  that  this  arbi- 
trary action  was  developed  and  completed  some 
time  before  the  Cunard  Company  made  its  contract 
with  the  Hungarian  Government  for  the  transport 
of  Hungarian  emigration. 

Canadian  and  Mexican   Shipping. 

Sir  William  Mulock,  the  Canadian  Postmaster- 
General,  recently  visited  Mexico  with  a  view  to  arrang- 
ing for  a  two  cent,  or  penny,  rate  of  postage  between 
Canada  and  Mexico.  President  Diaz  agreed  to  the 
proposed  penny  postage,  and  discussed  with  the  Cana- 
dian Minister  various  ways  and  means  of  developing 
trade  between  the  two  countries.  As  a  result  of  these 
interviews,  President  Diaz  promised  to  send  an  accre- 
dited representative  to  Ottawa.  This  Mexican  agent 
went  to  Ottawa  for  the  purpose  of  discussing  the 
establishment  of  direct  steamship  communication 
between  Mexico  and  Canada.  The  proposal  is  to  have 
sailings  both  on  the  Atlantic  and  the  Pacific,  monthly 
at  first,  and  of  greater  frequency  as  the  results  warrant. 
In  summer,  the  vessels  trading  on  the  Atlantic  will 
start  from  Montreal,  calling  at  Quebec,  St.  John,  and 
Halifax  on  their  way  to  Mexico.  On  the  Pacific  coast 
the  service  will  be  so  arranged  as  to  give  an  oppor- 
tunity to  all  localities  which  have  anything  to  export 
that  is  saleable  in  Mexico.  It  is  expected  that  Cana- 
dian coal,  lumber,  fish,  and  flour  can  be  shipped  at  a 
good  profit  by  both  the  Atlantic  and  the  Pacific  liners, 
and  agricultural  produce,  bacon,  and  a  certain  propor- 
tion of  Canadian  manufactures  will  find  a  place  in 
the  cargoes.  The  Mexican  Government  is  satisfied 
that  Mexico  can  supply  in  return  many  articles  that 
now  only  reach  Canada  through  the  United  States  at 
a  comparatively  exorbitant  price,  and  others  that  it 
has  not  hitherto  been  profitable  to  send  as  far  as  Canada 
on  account  of  the  heavy  charges  for  rail  transportation. 
By  the  direct  steamship  service,  these  Mexican  products 
can  be  landed  in  Canada  at  a  figure  which  will  almost 
immediately  lead  to  a  large  trade.  It  is  intended  that 
the  proposed  Atlantic  and  Pacific  steamship  services 
will  be  heavily  subsidised  by  both  the  Canadian  and 


Mexican  Governments.  Canada  is  bent  on  acquiring, 
new  markets  by  the  establishment  of  direct  steamship^ 
communication.  She  now  has  direct  lines  with  Great 
Britain,  France,  Germany,  South  Africa,  Australia, 
the  West  Indies,  China  and  Japan.  Negotiations  are 
also  on  foot  for  a  line  to  Italy,  as  well  as  the  proposed 
Mexican  service. 

Panama  Canal  and  U.S.  Trade. 

A  report  by  the  French  Consul-General  at  New 
Orleans,  on  the  probable  disturbance  in  the  lines  at 
present  followed  by  the  commerce  of  the  United 
States  which  will  result  from  the  construction  of  the 
Panama  Canal,  is  worth  some  notice.  The  conclusion 
drawn  from  the  evidence  collected  is  that  a  great  part 
of  the  trade  passing  through  the  Canal  will  enter  and 
leave  the  United  States  by  way  of  the  ports  situated 
on  the  Gulf  of  Mexico  ;  and  that  while  it  is  unsafe  to 
prophesy  any  actual  falling  off  in  the  prosperity  of 
New  York  and  the  other  Atlantic  coast  ports,  a  great 
stimulus  will  be  given  to  the  trade  of  the  Gulf  ports — 
New  Orleans,  Galveston,  etc.  It  is  pointed  out  that 
New  Orleans  is  600  miles  nearer  to  Colon,  at  the 
entrance  to  the  Canal,  than  is  New  York,  while  many 
of  the  Central  States  of  the  Union,  west  of  a  line  from 
Chicago  to  Charleston,  are  nearer  to  New  Orleans  than 
to  New  York.  It  is,  however,  impossible  to  forecast 
exactly  the  effect  on  trade  of  the  opening  of  the  Panama 
Canal.  Some  authorities  believe  that  the  prevalent 
idea  of  the  revolution  which  will  be  effected  among 
existing  trade  routes  is  greatly  exaggerated.  Thus, 
the  inter-trading  relations  of  Europe,  Asia,  Africa,  and 
Australia  are  not  likely  to  be  greatly  affected,  since  the 
Suez  Canal  already  affords  a  route  from  Europe  to 
the  East,  which  is  shorter  than  the  Panama  route  for 
all  connections  except  those  with  the  ports  of  New 
Zealand,  Japan,  and  North  China.  A  geographical 
fact  which  is  less  generally  recognised  is  that  the 
voyage  from  New  York  to  Hong  Kong  is  practically 
the  same  length  eastwards  through  the  Suez  Canal  as 
it  will  be  westwards  through  the  Panama  Canal.  West 
of  Hong  Kong  the  advantage  in  point  of  distance  will 
lie  with  the  Suez  route  ;  east  of  Hong  Kong  the  Panama 
route  will  have  the  advantage.  It  has  been  estimated 
that  in  voyages  from  New  York  to  ports  between 
Singapore  and  Shanghai  the  preference  for  one  route 
over  the  other  will  depend  on  the  amount  of  the  Canal 
tolls.  So  far  as  the  commerce  of  the  United  States  is 
concerned,  if  New  Orleans  becomes  the  great  clearing- 
house for  goods  passing  through  the  Canal,  the  advan- 
tage of  distance  will  rest  with  the  Panama  route  to  a 
greater  extent.  The  Panama  Canal  will  command  a 
certain  proportion  of  the  trade  between  Europe  and 
the  western  shores  of  North  and  South  America,  as- 
well  as  of  the  coasting  trade  between  the  Atlantic  and 
Pacific  coasts  of  the  New  World.  The  conclusions  of 
the  French  Consul-General  are  interesting  as  an 
attempt  to  elucidate  the  new  conditions  which  will 
govern  competition  for,  at  least,  a  part  of  the  trade 
of  the  world,  but  the  matter  merits  wider  consideration 
than  can  be  given  in  these  notes. 
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LONDON,  June  22nd,  1904. 

The  Institution  of  Electrical  Engineers. 

At  the  annual  meeting  of  the  Institution  of  Electrical 
Engineers  it  was  shown  that  no  less  than  668  names 
had  been  added  to  the  register  during  the  year.  The 
annual  report  makes  special  recognition  of  the  services 
of  Mr.  R.  K.  Gray  during  the  interval  between  the 
death  of  Mr.  McMillan  and  the  appointment  of  the 
new  secretary,  Mr.  G.  C.  Lloyd.  Mr.  Gray  may  be 
said  to  have  stepped  into  the  breach  at  a  critical  time, 
and  was  thus  to  a  large  extent  responsible  for  the 
uninterrupted  continuity  of  the  work  of  management. 
Among  other  questions  dealt  with  in  the  report  was 
the  need  for  a  more  exact  definition  of  the  qualifications 
required  for  Associates  of  the  Institution.  Mr.  Alex- 
ander Siemens  will  assume  office  as  President  at  the 
first  ordinary  general  meeting  of  the  session,  1904-5. 

The  Forthcoming  Visit  to  America. 

The  members  of  the  party  of  the  Institution  who 
are  going  over  to  the  United  States  for  the  forthcoming 
Electrical  Congress,  are  to  sail  from  Liverpool  on 
August  :15th,  by  the  White  Star  finer  Republic.  The 
estimated  cost,  including  first-class  fares  and  ordinary 
hotel  expenses,  with  a  contribution  towards  the  expenses 
of  the  Institution  will  be  about  ^80,  but  this  does 
not  include  incidental  expenses.  The  Electrical  Con- 
gress Reception  Committee  is  making  elaborate  pre- 
parations to  welcome  and  entertain  the  party,  which 
will  be  taken  in  charge  throughout  by  the  American 
Institute  of  Electrical  Engineers.  At  every  stopping 
place  Ladies'  Reception  Committees  are  also  being 
formed.  At  the  present  time  it  is  expected  that  the 
party  will  number  about  80  in  all.  The  President  of 
the  institution,  Mr.  R.  K.  Gray,  will  meet  the  party 
at  Boston. 

The  last  International  Electrical  Congress  was  held 
in  1900,  in  conjunction  with  the  Universal  Exposition 
at  Paris.  The  last  preceding  International  Electrical 
Congress  in  the  United  States  was  held  in  1893,  in 
connection  with  the  World's  Fair  at  Chicago.  Electrical 
Congresses  held  in  the  past  have  certainly  had  animport- 
ant  influence  on  the  world's  progress  in  the  knowledge 
of  electricity  and  magnetism,  and  in  the  applicaton  of 
these  sciences,  and  it  is  confidently  expected  that  the 
International  Exposition  of  1904,  at  St.  Louis,  will 
be  equallv  successful  in  these  directions. 

The  date  set  for  the  International  Electrical  Congress 
at  St.  Louis  is  the  week  September  12th  to  17th,  1904 
(inclusive).  This  is  the  week  preceding -.the  session  of 
the  great  Scientific  Congress  appointed  by  the  Universal 
Exposition.  On  this  account  many  of  those  who 
attend  the  International  Electrical  Congress  will 
probablv  remain  to  attend  the  International  Congress 
of  the  Arts,  and  Sciences.  In  accordance  with  the 
present  plan,  members  arriving  via  New  York  will  be 
enabled  to  reach  St.  Louis  via  Niagara  Falls  on  Sunday 
September  1 1  th.  Members  will  also  be  invited  to  attend 
the  dedication  ceremonies  of  the  National  Bureau  of 
Standards  at  Washington.  It  is  hoped  that  arrange- 
ments mav  be  completed  whereby  the  President  of  the 
United  States  may  then  meet  the  members.     On  the 
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morning  of  September  12th,  at  n  a.m.,  a  general 
convocation  of  the  International  Electrical  Congress 
will  be  called.  On  the  four  succeeding  days,  from  the 
13th  to  the  1 6th  inclusive,  meetings  of  the  eight  sections 
of  the  Congress  will  be  held  simultaneously.  On  the 
final  day,  September  17th,  a  second  general  convocation 
will  be  called.  Members  returning  from  St.  Louis  to 
New  York  may  elect  to  stop  at  Chicago  and  at 
Niagara  Falls. 

Features  of  the  Congress. 

As  at  present  proposed,  the  International  Electrical 
Congress  will  comprise  three  distinct  features  : — 

( 1 )  A  Chamber  of  Delegates,  appointed  by  the  various 
Governments,  and  essentially  similar  to  the  Chambers 
of  Government  Delegates  at  the  International  Electrical 
Congresses  of  Chicago  in  1893,  and  of  Paris  in  1900. 
It  would  seem  that  sufficient  material  has  been  collected 
since  1900,  calling  for  International  action,  to  warrant 
inviting  the  various  Governments  to  appoint  Delegates, 
as  before,  to  the  International  Electrical  Congress  of 
St.  Louis. 

(2)  The  main  body  of  the  Congress  is  divided  into 
the  following  sections  :  General  Theory,  Section  A, 
Mathematical,  Experimental.  Applications  :  Section  B, 
General  Applications  ;  Section  C,  Electrochemistry  ; 
Section  D,  Electric  Power  Transmission  ;  Section  E, 
Electric  Light  and  Distribution  ;  Section  F,  Electric 
Transportation  ;  Section  G,  Electric  Communication  ; 
Section  H,  Electrotherapeutics.  It  is  proposed  to 
invite  prominent  men  in  various  parts  of  the  world  to 
contribute  special  papers  on  subjects  represented  in 
the  various  sections  and  their  sub-divisions. 

(3)  Conventions  simultaneously  held,  in  connection 
with  the  Congress,  by  various  electrical  organisations 
in  the  United  States.  It  is  proposed  that  each  section 
of  the  Congress  may  be  able  to  hold  its  meeting  under 
some  plan  of  conjunction  with  the  organisation  or 
organisations  devoted  to  the  progress  of  the  work 
selected  by  that  section.  Steps  have  already  been  taken 
to  enlist  the  sympathy  of  the  various  organisations, 
with  a  view  to  perfecting  the  details  of  co-operation 
at  a  later  date.  Prominent  among  the  organisations 
from  whom  co-operation  is  expected  are — The  American 
Institute  of  Electrical  Engineers,  the  American  Electro- 
chemical Society,  the  National  Electric  Light  Associa- 
tion, the  Association  of  Edison  Illuminating  Companies, 
the  Pacific  Coast  Transmission  Association,  and  the 
American  Electrotherapeutic  Association.  It  is  also 
hoped  to  secure  the  participation  of  American  scientific 
societies. 

The  Universal  Exposition  of  St.  Louis  has  signified 
its  intention  of  affording  ample  facilities  for  the  accom- 
modation of  the  Congress  in  its  halls  on  the  grounds  of 
the  Exposition. 

The     International     Catalogue     of    Scientific 
Literature. 

The  International  Council,  which  is  responsible  for 
the  International  Catalogue  of  Scientific  Literature, 
has  decided  to  continue  the  work  under  the  direction 
of  Dr.  H.  Foster  Morley  beyond  the  five  years  for  which 
guarantees  were  originally  given.  The  seventeen 
volumes,  comprising  the  first  annual  issue,  were  com- 
pleted in  February  last,  while  nine  of  the  volumes  of 
the  second  annual  issue  have  been  already  published. 
The  volumes  vary  in  price  according  to  size  from  10s. 
to  39s.  The  Catalogue  deals  with  publications  issued 
since  1901,  and  is  published  under  the  auspices  of  the 
Royal  Society.  It  is  designed  to  publish  by  means 
of  an  International  organisation,  a  complete  catalogue 


of  scientific  literature  arranged  by  subject  matter, 
and  also  by  author,  thus  enabling  scientific  investiga- 
tors to  find  out  easily  what  has  been  published  con- 
cerning any  particular  subject  of  inquiry.  It  takes 
cognisance  of  original  matter  in  periodicals,  proceed- 
ings, independent  pamphlets,  memoirs  or  books,  and 
receive  its  information  through  regional  bureaus 
established  in  twenty-five  different  countries.  The 
regulations  provide  for  the  inclusion  of  technical 
matters  of  scientific  interest,  under  the  appropriate 
scientific  headings.  Among  the  seventeen  subjects 
dealt  with  are  mathematics,  mechanics,  physics, 
chemistry,   mineralogy  and  geology. 

The  first  issue  of  the  catalogue  has  practically  paid 
its  expenses  !  At  the  same  time  it  should  be  under- 
stood that  it  is  not  being  run  as  a  commercial  enter- 
prise but  for  the  benefit  of  scientific  investigators.  Any 
profits  that  may  ultimately  accrue  will  be  devoted  to 
the  improvement  of  the  catalogue.  At  the  present 
time  Dr.  Morley  is  the  responsible  custodian  of  some 
600,000  scientific  reference  slips. 

The  Mineral  Wealth  of  Peru. 

A  propos  of  Mr.  Schafer's  article,  last  month  we  quote 
the  following  from  the  "  Society  of  Arts  Journal  "  : — 

In  Peru,  the  main  production  of  silver  and  copper 
is  obtained  at  Cerro  de  Pasco.  For  several  centuries 
this  famous  mineral  centre  overflowed  the  world  with 
its  silver,  although  the  working  of  the  mines  was 
merely  superficial,  and  the  system  of  amalgamation 
entirely  deficient.  The  depth  of  the  mines  very 
seldom  exceeds  150  ft.  It  is  only  in  recent  times 
that  the  existence  of  copper  in  enormous  quantities 
was  discovered  at  Cerro  de  Pasco,  which  has  become 
one  of  the  largest  deposits  of  copper  in  the  world. 
In  the  case  of  gold  it  is  rather  difficult  to  estimate  the 
annual  production,  as  the  mine  owners  do  not  issue 
any  complete  statistics.  The  mercury  or  quicksilver 
of  Huancavelica  will,  it  is  stated  in  a  recent  report  by 
the  United  States  Vice-Consul  at  Callao,  become,  in 
the  near  future,  a  rival  of  the  famous  mines  of  Almaden 
in  Spain,  and  of  New  Almaden  in  California.  The 
exploitation  of  iron  is  at  present  of  no  great  importance 
in  Peru.  A  considerable  quantity  of  this  metal  is 
found  at  Tambogrande  (Piura) ;  also  in  the  provinces 
of  Colca  and  Larez.  It  also  exists  in  various  other 
parts  of  the  country,  but  no  serious  attention  appears 
to  have  been  given  to  the  matter  as  yet.  The 
principal  port  of  the  department  at  Piura  is  Paita,  and 
it  is  said  that  ironworks  established  there  could  easily 
provide  all  the  Pacific  coast  with  as  much  iron  and 
steel  material  as  at  present  is  drawn  from  the  United 
States  and  Europe.  The  lead  mines  have  not  been 
worked,  up  to  the  present,  with  any  profit,  but  there 
is  said  to  be  an  opening  here  for  persons  with  capital 
and  well  provided  with  up-to-date  machinery  to 
lessen  the  cost  of  production.  Sulphur  exists  in  good 
abundance  in  all  the  volcanoes  of  the  Andes,  and  it 
presents  itself  in  such  dense  layers  that  it  is  difficult 
to  estimate  the  quantity  that  might  be  extracted, 
or  form  an  idea  of  the  thickness.  It  also  occurs 
extensively  near  the  sea,  on  the  Peninsular  of  Aguja, 
near  Paita.  Many  varieties  of  coal  are  produced  in 
Peru,  but  as  no  records  are  kept,  it  is  not  possible 
to  state  the  exact  amount  yielded  in  the  country. 
From  a  carefully  prepared  estimate,  however,  for  a 
recent  year,  the  amount  appears  to  be  about  55,000 
tons.  Salt  is  widely  distributed  in  different  parts  oi 
Peru,  although  the  principal  salt  pits  are  on  the  coast, 
and  are  easily  and  cheaply  worked.  Owing  to  the 
dry  atmosphere  of  the  Peruvian  coast,  different  classes 
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of  salt  have  accumulated  as  well  as  nitrate.  The 
importation  of  salt  in  Peru  is  absolutely  prohibited. 
The  whole  coast  of  the  Department  of  Piura  produces 
petroleum,  and  that  is  the  only  part  of  Peru  in  which 
it  is  worked. 

Another  Loeked-up  Country. 

Another  countrv  which  is  more  or  less  locked  up 
pending  the  realisation  of  railwav  enterprise  is  the 
Soudan.  The  Berber-Suakim  Railway  is,  however, 
being  pushed  forward  with  all  speed,  and,  according  to 
Mr.  Leigh  Hunt,  who  is  taking  up  a  large  tract  of 
land  for  cotton-growing  experiments,  it  will  be  the 
key  to  the  whole  countrv.  In  the  course  of  an  inter- 
view, Mr.  Leigh  Hunt  said  he  had  travelled  in  most 
parts  of  the  world,  but  nowhere  had  he  witnessed 
such  unparalleled  progress  as  in  the  Soudan.  "  One 
cannot  now  speak  of  exploration  in  the  Soudan,  for 
the  Sirdar's  officers  had  left  nothing  to  explore.  The 
marvellous  results  of  Lord  Cromer's  policy,  so  ably 
executed  bv  Sir  Reginald  Wingate,  are  to  be  met 
with  in  the  most  remote  parts  of  the  Soudan,  and  even 
among  the  interesting  and  in  many  cases  still  naked 
tribes.  We  passed  among  these  people  with  perfect 
safety,  and  were  always  treated  with  the  greatest 
courtesv  and  respect.  The  possibilities  of  the  Soudan 
from  an  agricultural  standpoint  for  the  growing  of 
cotton,  wheat,  and  fruit  are  very  great."  By  the  way, 
it  is  interesting  to  note  that  Sir  William  Willcocks 
estimates  that  the  works  necessary  to  give  Egypt 
perennial  irrigation  and  flood  protection  will  cost 
/8, 200,000,  spread  over  a  period  of  twenty-five  years. 

Power-Gas  from  Peat. 

During  his  recent  tour  in  the  United  States.  Mr. 
B.  H.  Thwaite,  C.E..  read  before  the  New  England 
Cotton  Manufacturers'  Association  an  interesting 
paper  on  gas-power  applied  to  the  textile  industry. 
In  the  course  of  this  he  mentioned  that  years  ago  he 
had  carried  out  a  series  of  experiments  in  making 
power-gas  with  Irish  peat.  The  peat  was  fed  into 
the  author's  cupola  generator,  the  gas  produced  was 
introduced  into  a  gas-engine  and  acted  perfectly,  the 
indicator  diagram  of  power  was  very  little  different 
from  that  obtained  with  poor  coal. 

The  author's  investigations  into  the  question  of 
generating  motive  power  by  direct  'combustion  com- 
menced after  1S89.  In  his  investigations  almost  every 
available  fuel  was  employed,  ranging  from  wood,  char- 
coal, peat  or  bog  fuel,  coke,  coal,  both  anthracite  and 
hydrocarbonaceous.  and  he  found  that  all  these  fuels 
are  available  for  producing  motive-power-gas. 

The  result  of  the  author's  work  and  especially  that 
associated  with  the  harnessing  of  the  waste  gases  from 
blast  furnaces  to  gas  engines,  had  been  the  elevation 
of  the  gas  engine,  high  and  over  possible  competition,  by 
the  steam  engine,  w-hether  rotative  or  reciprocating. 

The  remarkable  success  attending  the  employment 
of  the  waste  gases  with  their  90-1 10th  British  heat 
units  of  thermal  value  per  cubic  foot  was  immediately 
followed  by  an  increase  in  the  power  units  of  internal 
combustion  engines,  and  to-day  single-unit  quadruple- 
cvlinder  engines  of  3,000  i.h.p.  were  available  for  the 
power  user.  One  of  the  main  issues  of  the  author's 
investigations  was  the  fact  that  by  the  physical  com- 
pression of  the  explosive  mixture,  a  combustible  gas  of 
almost  any  thermal  value  above  50  British  heat  units 
per  cubic  foot  could  be  employed  in  a  gas  engine. 

The  author  realised  that  if  the  density  of  the  poor 
combustible  gas  was  increased  by  physical  compression 
to  a  certain  degree,  the  sluggish  inflammability  of  the 


gas  would  disappear,  and  the  gas  and  air  would  ignite 
with  sufficient  rapidity  and  certainty  of  effect  to  satisfy 
internal  combustion  engine  working  requirements. 

This  fact,  once  demonstrated,  brought  into  the 
field  of  future  service,  the  enormous  volumes  of  waste 
gases  that  flow  into  and  pollute  the  atmosphere  at 
everv  iron-making  centre,  and  in  the  United  States 
alone,  the  potential  of  power  of  the  furnace  gas  from  the 
American  furnaces  was  counted  in  hundreds  of 
thousands  of  horse-power. 

To  meet  the  demand  for  engines  to  convert  the  awful 
waste  of  power,  many  eminent  engineers  on  the  Con- 
tinent of  Europe  had  for  several  years  been  applying 
almost  their  entire  attention  in  designing  engines  to 
secure  all  the  qualifications  that  a  steam  user  and 
electric  supply  consumer  must  have,  and  in  Germany 
alone  it  was  said  that  over  50,000  h.p.  of  large 
capacity  gas  engines  were  in  active  service. 

Ironmasters  were  under  a  great  obligation  to  the 
textile  manufacturers  for  the  enterprise  that  had  been 
devoted  to  securing  the  most  economic  steam-power 
instrument,  and  to-day  the  finest  examples  of  land 
steam  engines  were  still  to  be  found  in  textile  mills. 

Sea  Commerce  and  War. 

Attention  may  be  drawn  here  to  an  article  in  the  new 
naval  annual,  by  Mr.  Carlyon  Bellairs,  on  Commerce 
and  War.  As  he  says,  "  A  strong  navy  is  to  Britain 
a  complete  defence  ;  a  weak  navy  is  no  defence  at 
all."  What  is  wanted  for  the  defence  of  our  empire 
and  the  protection  of  our  commerce  is  a  sufficient 
number  of  battleships  to  deal  successfully  with  thoss 
of  our  opponents,  and  an  adequate  supplv  of  cruisere 
to  act  as  scouts,  look-outs,  and  for  the  purpose  of 
lying  off  certain  ports  of  refitment  to  which  commerce- 
destroyers  may  resort.  The  fact  that  this  country  is 
dependent  on  oversea  supplies  of  food  and  raw  material 
is  fully  recognised  by  our  rivals,  who  believe  that  bv 
launching  some  fast  cruisers,  or  torpedo  boats,  on  the 
highways  of  the  ocean  it  would  be  possible  to  starve 
Great  Britain,  to  suppress  her  commerce,  and  to  ruin 
her  industries.  The  Royal  Commission,  winch  is  now 
considering  the  food  supplies  of  the  countrv  in  time  of 
war,  have  to  endeavour  to  solve  the  problem  by  means 
of  co-operation  between  the  Government  and  private 
enterprise.  One  of  the  points  to  which  Mr.  Bellairs 
refers  has  reference  to  the  prospects  of  the  best  steam 
coal  mines  in  South  Wales.  If  we  knew  the  destination 
to  which  this  coal  is  sent  each  week  in  the  year  we 
should  then  be  ready  to  intercept,  or  to  buy  it  up,  on 
the  prospect  of  war.  In  this  case,  co-operation  between 
the  Government,  the  mine-owners,  and  the  middlemen 
is  needed.  Another  point  is  whether  the  supplv  of 
shipping  to  carry  cargoes  in  war  is  likely  to  be  in  excess 
of  the  demand.  As  to  this,  information  must  be 
obtained  from  Lloyd's  and  the  various  Harbour  Trusts 
of  the  United  Kingdom.  Again,  some  idea  should  be 
obtained  about  the  shipping  entered  and  cleared  with 
cargoes  and  in  ballast,  and  also  the  vessels  entered  and 
cleared  with  cargoes  only.  The  Navigation  Returns 
issued  by  the  Board  of  Trade  do  not  give  the  necessarv 
details,  but  they  could  easily  be  got  and  should  be 
supplied  in  the  future.  The  lesson  which  Mr.  Bellairs 
tries  to  drive  home  in  his  article  is  that  attacks  on 
commerce  are  only  efficacious  when  based  on  the 
successful  action  of  fleets,  and  that  it  is  the  dutv  of 
those  responsible  for  the  defence  of  this  country  and 
its  mercantile  marine  to  see  that  our  navy  is  kept 
equal  to  all  the  demands  that  may  be  made  upon  it. 
It  is  only,  as  he  points  out,  by  working  steadily  at  such 
problems  in  times  of  peace  that  we  can  hope  to  be 
prepared   for  emergencies  in   time  of  war. 
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GREAT     BRITAIN. 

AX  important  circular  affecting  the  engineering 
branch  of  the  Navy  was  sent  out  by  the  Admiralty 
at  the  end  of  May.  By  the  provisions  of  this  circular 
a  certain  number  of  private  students  are  to  be  entered 
at  the  Royal  Naval  Engineering  College,  Keyham, 
without  being  under  any  obligation  to  enter  the  Naval 
service  at  the  end  of  the  course.  The  fees  will  be 
17$  a  year,  and  while  under  training  the  students 
will  be  subject  to  the  same  conditions  of  discipline, 
uniform,  pay,  and  leave  as  the  ordinary  cadets.  In  the 
event  of  there  being  vacancies  also,  they  will  be  eligible 
for  commissions  in  the  Navy  under  the  same_conditions 
as  engineer  cadets. 

Rumour  has  been  very  busy  with  the  Lord  Nelson 
class,  as  indeed  was  only  to  be  expected.  To  the 
details  which  I  was  able  to  give  last  month,  however 
there  is  not  very  much  to  add.  Their  coal^'capacity 
is  now  reported  to  be  sufficient  to  give  them  a  radius  of 
7,000  miles,  that  is  to  say,  a  maximum  of  about  2,000 
tons,  which  is  that  of  the  Duncan  class  on  a  displace- 
ment of  14,000  tons. 

Meantime,  the  vessels  already  in  hand  are  being 
pushed  on  as  rapidly  as  possible,  and  sincej  advance 
plans  of  the  Lord  Nelsons  have  been  sent  to  Devonport, 
it  seems  possible  that  these  vessels,  as  well  as  those 
of  last  year's  programme,  will  be  dockyard  built. 
The  Britannia,  at  Portsmouth,  is  expected  to  be  ready 
for  launching  early  next  December.  The  Common- 
wealth has  begun  her  trials  on  the  Clyde,  but  no  par- 
ticulars are  available  at  the  time  of  writing.  The 
Hindustan  is  still  at  John  Brown's,  and  is  progressing 
rapidly. 

It  has  been  decided  that  the  Triumph  and  Swiftsure 
shall  spend  their  first  commission  in  home  waters,  and 
on  June  21st  they  were  commissioned  by  Captains 
C.  Burney  and  E.  J.  Fleet,  respectively,  for  service 
with  the  Home  Fleet.  The  Triumph  replaces  the 
Empress  0/   India,  and   the   Swiftsure   the   Resolution. 

The  Prince  of  Wales  was  commissioned  at  Sheer- 
ness  on  May  18th,  and  left,  all  her  inspections  and 
her  commissioning  trials  satisfactorily  completed, 
within  54  hours.  This  is  very  good  work,  and  deserves 
to  be  put  on  record. 

The  Duke  of  Edinburgh  was  launched  at  Pembroke 
on  June  14th.  Lady  Cawdor  performed  the  naming 
ceremony,  and  the  launch  was  a  complete  success. 
Work  on  the  Warrior  is  also  being  pushed  forward, 
and  she  may  take  the  water  before  the  end  of  this 
year. 

The  only  important  commissioning  in  the  armoured 
cruiser  class  is  that  of  the  Suffolk  at  Portsmouth. 

Turning  to  the  smaller  vesssels,  we  find  that  the 
Topaze  has  undergone  most  of  her  trials,  and  that 
considerable  doubt  has  been  expressed  in  some  quarters 
as  to  the  real  value  of  the  "  scouts."  The  "  Times  " 
devoted  a  long  article  to  the  subject  recently,  and  the 
defects  of  the  class  were  mercilessly  exposed.  The 
speed  is  considered  too  low,  and  the  bunker  capacity 
too  limited  for  vessels  which  axe  really  destroyers  of 
destroyers,  and  while  to  get  five  knots  extra  speed 
and  a  thousand  tons  eoal  capacity  (which  is  what  most 
critics  recommend)  would  necessitate  the  building  Oi 
larger  vessels,  with  greater  displacement,  it  is  contended 
that  the  consequent  gain  is  efficiency  would  more  than 
outweigh   any  possible  disadvantages. 

Ol  raft,  the  two  ">  is  Ribble 
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that  both  contract  speed  and  horse-power  were  easily 
attained,  and  the  coal  consumption  was  comparatively 
low.  Destroyers  are  now  tried  along  the  new  measured 
mile  off  Dover,  the  comparatively  low  depth  of  water 
off  the  Maplin  Sands  tending  to  lower  the  speed  of 
the  vessels.  The  Kennet,  building  by  Thornycroft,  is 
also  reported  as  ready  to  leave  the  contractor's  works, 
and  is  to  join  the  Med  way  Fleet  Reserve  "  A  "  Division 
until  required  for  service.  The  Waveney  has  also  been 
delivered  at  Sheerness. 

Submarine  A  1  has  now  gone  to  Barrow  again  to  be 
refitted.  Her  machinery  and  batteries  were  seriously 
damaged  by  the  lengthened  submersion,  and  they  had 
to  be  removed  before  the  vessel  was  towed  north. 

Before  leaving  Great  Britain,  I  must  mention  that 
the  new  Admiralty  yacht  Enchantress  has  been  com- 
pleted and  commissioned. 

FRANCE. 

The  French  Navy  Estimates  for  this  year  total 
310,000,000  fr.  (^12,400,000).  Of  this  sum  68,000,000 
francs  (^2,720,000)  are  to  be  devoted  to  the  building 
and  completion  of  ironclads,  a  circumstance  which  M. 
Pelletan  very  much  deplores.  He  asks  Parliament  to 
devote  at  least  23,000,000  francs  (^920,000)  to  the 
construction  of  small  craft. 

Only  one  new  armoured  cruiser  is,  however,  included 
in  the  building  programme  for  1905.  She  is  to  be  of 
the  Renan  type,  and  is  known  at  present  as  C  17.  She 
is  to  be  built  at  Lorient,  according  to  present  arrange- 
ments. Four  torpedo-boat  destroyers  of  the  Stylet 
class,  of  28  knots  speed,  are  also  to  be  put  in  hand  at 
Rochefort.  For  twenty  torpedo:boats  the  plans  are  not 
yet  complete.  With  regard  to  submarine  boats  only 
very  slight  information  is  obtainable.  At  present  there 
are  twenty-three  under  construction,  Omega  at  Toulon, 
Emeraud,  Opale,  and  Rubis  at  Cherbourg,  and  Saphir, 
Topaze,  and  Turquoise  at  Toulon.  These  last  six 
vessels  were  all  commenced  in  October,  1903.  They 
displace  422  tons,  and  are  to  have  an  indicated  horse- 
power of  600.  Q  47 — Q  62  are  not  yet  laid  down, 
while  sixteen  more,  of  the  programme  of  1904,  are  to 
be  built,  four  at  Cherbourg  and  twelve  at  Toulon. 
The  programme  for  1905  allows  for  eight  more  sub- 
marines, three  to  be  built  at  Toulon,  three  at  Cherbourg, 
and   two  in  Rochefort. 

During  1905  there  will  be  in  all  95  vessels  under 
construction  for  the  French  Navy,  six  battleships  the 
Republique  (to  be  commissioned  during  1905),  Demo- 
cratic Patne,  Liberie,  Justice,  and  ViriU  ;  four 
armoured  cruisers,  Jules  Michelet,  Victor  Hugo,  Ernest 
Renan,  and  C  16  (C  17  being  apparently  indefinitely 
postponed)  ;  eight  torpedo-boat  destroyers  —Stylet. 
Tromblon,  Pierrier,  Obusier,  Moftier,  M  38  and  M  39,  to 
be  built  in  the  public  yards,  and  Claymore  in  a  private 
establishment  ;  fifty-five  torpedo  boats,  ten  to  be 
built  in  public  and  the  others  in  private  yards,  and  the 
twenty-three  submarines  above  mentioned. 

New  regulations  for  the  trials  of  vessels  have  been 
promulgated,  and  the  first  vessel  to  profit  by  them 
is  the  Condi.  The  tests  are  now  arranged  as  follows  : 
(1)  Coal  consumption  trials  ot  six  hours'  duration, 
with  tires  lighted  under  half  the  boilers  ;  (2)  two 
inery  trials,  one  of  ten  hours  at  full  speed,  and 
the  other  of  three  hours  at  the  highest  speed  obtainable 
with  three-quarters  ot  the  boilers  in  use;  and  (3) 
a  run  ot  tueiitv  four  hours  at  Ordinary  speed.  The 
time    between    the    trials    is    not    to   exceed    three   days. 
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except  under  special  circumstances,  which  must  be 
reported  to  the  Minister  of  Marine. 

On  her  full  speed  trials  the  Conde  attained  a  speed 
of  21-35  knots,  with  a  maximum  horse-power  of  22,800. 
The  coal  consumption  was  about  35-23  lb.  per  square 
foot  of  grate  surface.  On  the  twenty-four  hours'  trial  she 
did  1 8*6  knots  with  engines  developing  11,000  h.p.,  the 
coal  consumption  working  out  at  1  '63  lb.  per  unit  of 
power  per  hour.  The  whole  of  the  trials  were  carried 
out  in  seven  days,  whereas  under  the  old  regulations 
they   might  have  lasted  weeks  -and  even  months. 

The  only  other  trial  worth  noting  is  that  of  the 
torpedo-boat  destroyer  Balliste.  On  a  coal  consump- 
tion trial,  at  a  speed  of  18  knots,  she  burnt  fuel  at  the 
rate  of  2-34  lb.  per  unit  of  power  per  hour. 

GERMANY. 

As  I  foreshadowed  in  my  notes  for  May,  the  new 
scheme  for  naval  expansion  which  has  been  brewing 
in  German  official  circles  for  some  time  past,  is  rapidly 
coming  to  a  head.  From  Berlin  advices,  thrown  out 
perhaps  semi-officially  as  feelers,  it  appears  that  this 
new  scheme  altogether  surpasses  the  programme  of 
1000.  No  fewer  than  twenty  battleships  and  ten 
armoured  cruisers,  together  with  attendant  small  craft, 
are  said  to  be  in  contemplation.  Germany  is  poorly 
supplied  with  torpedo  craft,  and  the  new  programme 
is  expected  to  make  liberal  provision  for  this  class  of 
vessel,  to  the  extent  even  of  6,925,000  marks  (/346,25c). 
Submarines  are  also  to  receive  more  attention  than 
has  hitherto  been  the  case. 

The  LotkrtMgm  battleship,  was  launched  on  May  27th, 
at  the  Schichau  Yard,  Dantzic.  The  Lothringen  was 
built  ready  for  launching  in  exactly  one  year,  and 
her  launch  leaves  only  one  battleship  now  on 
the  stocks,  "  X,"  which  is  building  at  Kiel.  The 
boilers  of  the  Lothringen  are  a  combination  of  eight 
Schultz  and  six  cylindrical  boilers,  and  with  engines 
developing  16,000  h,.p.  and  driving  three  screws.  She 
is  expected  to  attain  a  speed  of  18  knots.  Her  other 
•  characteristics  are  similar  to  those  of  the  other  vessels 
of  the  Braunschweig  class,  already  described  in  these 
notes. 

The  Berlin,  protected  cruiser,  is  expected  to  be  readv 
for  service  next  April,  by  which  time  the  Hamburg 
should  also  be  complete.  At  her  full  speed  trials 
recently,  the  Hamburg  developed  under  a  forced  draught 
:  h.p.,  giving  her  a  speed  of  23-15  knots.  On 
a  mean  of  four  runs  over  the  measured  mile,  the  results 
were  11,889  i.h.p.,  145  revolutions,  and  22.54  knots. 

The  active  list  of  the  German  Navy  for  1904  is  com- 
posed of  1,139  officers,  ranking  as  follows  :  5  admirals 
of  the  fleet,  7  vice-admirals,  17  rear-admirals,  6 
post-captains,  136  captains,  273  commanders,  394 
lieutenant-commanders,  245  lieutenants.  There  are 
also  470  sub-lieutenants,  and  151  naval  cadets. 

RUSSIA. 

Reports  from  various  sources  state  the  Russian 
Naval  programme  for  1905  includes  the  construction 
of  eight  new  battleships  of  the  Imperator  Pavel  I.  type, 
and  several  armoured  cruisers  of  the  Bayan  class. 
This  report  comes  from  both  German  and  Italian 
sources,  but  the  German  report  states  that  some  of 
the  vessels  are  to  be  built  in  France,  a  rumour  which 
is  in  direct  contradiction  of  the  Imperial  ukase  ordering 
all  Russian  war  vessels  to  be  built  for  the  future  in 
Russian  vards.  One  of  the  armoured  cruisers  it  is 
reported  will  be  paid  for  by  public  subscription,  and 
named  the  Admiral  Makhar 

Three  new  torpedo-boat  destroyers,  the  Totschuii, 
Twjordii,    and    Trewoshnii,    have   been   laid    down    at 


Creighton's  Yard,   and  are  to  be  completed  with  all 
despatch. 

The  Holland  Torpedo  Boat  Company,  of  New  York, 
is  stated  to  have  received  an  order  from  the  Russian 
Imperial  Government  to  build  and  complete  five  sub- 
marines within  eight  months.  Five  others  are  believed 
to  have  been  ordered  from  Yickers,  Sons  and  Maxim, 
to  be  completed  in  the  same  space  of  time. 

ITALY. 

The  new  battleship  Regeina  Elena  was  launched  at 
Spezia  on  June  19th,  in  the  presence  of  the  King  of 
Italy.  Preparations  are  also  being  made  for  the 
launching  of  the  Yittario  Emanuele  at  Castellamare 
about  the  middle  of  August.  The  Roma,  building  at 
Naples,  should  be  ready  to  take  the  water  about  the 
middle  of  November,  and  the  Xapoli  should  leave  the 
slips  at  Spezia  some  time  early  in  1905. 

The  Italian  Naval  Estimates  for  1904-05  amount 
to  £5,087,643,  which  is  £343  in  excess  of  the  estimates 
for  the  previous  financial  year.  The  amount  appor- 
tioned to  new  construction  is  £1,533, 469.  This  sum 
is  to  be  devoted  to  .the  completion  of  the  armoured 
cruiser  Francesco  Ferrucio,  the  further  construction  of 
the  battleships  Regina  Elena,  Vittorio  Emanuele,  Roma, 
and  Xapoli,  and  the  commencement  of  a  new  armoured 
cruiser  at  Castellamare,  three  submarines  at  Yenice,  and 
fourteen  torpedo  boats.  The  two  destroyers  Teffiro 
and  Espero  are  to  be  completed  also. 

The  new  armoured  cruiser  is  to  be  the  first  of  a  class 
of  seven  of  10,000  tons.  It  is  also  reported  that  the 
construction  of  fourteen  torpedo-boat  destroyers  and 
forty  torpedo  boats  is  in  contemplation,  but  that  it 
has  been  deferred  until  next  year. 

UNITED     STATES. 

The  first  keel  plate  of  the  new  battleship  Vermont 
was  laid  at  the  works  of  the  Fore  River  Comqany,  on 
May  20th  and  the  work  will  be  pushed  forward  as 
rapidly  as  possible. 

The  armour  plates  of  the  new  battleship  Georgia 
have  been  tested,  with  satisfactory  results. 

The  Louisiana,  which  is  building  at  the  Newport 
News  Company's  vard,  is  now  nearly  ten  per  cent,  more 
advanced  than  her  sister  the  Connecticut,  and  it 
seems  likely  that  the  Navy  Yard  will  be  beaten  in  the 
race  for  the  completion  of  these  two  vessels. 

The  Ohio  is  the  battleship  nearest  to  completion. 
Of  the  three  large  vessels  of  last  year's  programme, 
the  Minnesota  is  fifteen  per  cent,  in  advance  of  the 
others,  and  the  two  smaller  vessels,  the  Mississippi 
and  Idaho,  at  Cramp's  Yard,  are  not  very  well 
advanced. 

In  armoured  cruisers,  the  West  Virginia,  Penn- 
sylvania, Colorado,  and  Maryland  are  most  advanced. 
The    Tennessee  and  Washington  are  making  good  pro- 

MINOR     NAVIES. 

Holland. — The  battleship  Hertog  Hendrik;  of  the 
Konigin  Regentes  tvpe,  was  launched  on  March  22nd, 
and  the  Tromp,  of  the  same  class,  on  June  15th.  The 
displacement  of  these  vessels  is  4,950  tons,  length 
312  ft.,  beam  48  ft.  With  6,000  h.p.  they  are  to 
steam  16  knots,  the  boilers  being  of  the  Yarrow  type. 
The  principal  armament  consists  of  two  9"4»a.  guns, 
and  four   59  in.   quick-firers. 

There  is  a  submarine  building  for  the  Dutch  Navy 
at  Flushing. 

Erratum. — In  last  month's  issue  the  trials  of  the  gun- 
boat Widgeon  were  referred  to  as  being  carried  out  by 
Messrs.  Thornycroft.     This.  01  course,  was  a  slip  of  the 
pen.     H.M.S.    Widgeon    having    been   built    by   Bfes 
Yarrow  and  Co.,  Ltd. 


The  Institution  of  Civil  Engineers. 

The  annual  Conversazione  of  the  Instituti  onof  Civil 
Engineers  was  held  as  usual  at  the  Institution  Building, 
Great  George  Street,  a  large  number  of  guests  being 
received  by  Sir  W.  H.  "White  (President)  and  Lady 
White.  Numerous  models  and  exhibits  of  engineering 
apparatus  were  on  view,  prominence  being  given  to 
models  of  Japanese  and  other  warships.  Sir  William 
White  exhibited  a  model  of  the  Bermuda  floating  dock. 
Mr.  Francis  Fox  gave  an  exhibition  of  views  illustrating 
the  Zambesi  Falls  and  vicinity,  and  Sir  Fortescue 
Flannery  contributed  a  pictorial  review  of  the  progress 
of  naval  construction.  Photographs  illustrating  the 
difficulties  encountered  in  the  construction  of  the 
Simplon  Tunnel  also  proved  of  great  interest. 

International  Engineering  Congress. 

I  have  received  a  prospectus  of  the  International 
Engineering  Congress,  to  be  held  under  the  auspices 
of  the  American  Society  of  Civil  Engineers,  in  con- 
junction with  the  St.  Louis  Exhibition,  commencing 
October  3rd,  1904  : — 

The  Congress  will  be  one  of  the  series  of  International 
Scientific  Congresses  to  be  held  at  the  Exposition  under 
the  general  authority  and  with  the  co-operation  of 
the  Director  of  Congresses.  Its  object  is  to  secure 
a  thorough  International  consideration  of  certain 
branches  of  engineering  work  which  have  been  selected 
with  special  reference  to  their  present  interest  and 
importance.  In  order  to  facilitate  the  work  of  the 
Congress  and  to  insure  the  presentation  of  topics  in 
a  systematic  manner,  the  Committee  has  prepared  the 
subjoined  tentative  list  of  the  subjects  which  have 
been  selected  for  review  and  discussion  : — 

Harbours,  natural  waterways,  artificial  waterways, 
lighthouses,  and  other  aids  to  navigation,  traffic  on 
improved  waterways,  as  compared  with  seaboard 
traffic,  and  the  effect  of  this  development  on  railroad 
traffic;  purification  of  water — (a)  for  domestic  use, 
(b)  for  the  production  of  steam  ;  turbines  and  water 
wheels,  irrigation,  railroad  terminals — (a)  at  ports. 
(b)  inland  ;  underground  railways,  locomotives  and 
other  rolling  stock,  live  loads  tor  railroad  bridges,  the 
substitution  of  electricity  for  steam  as  a  motive  power, 
sewage  disposal,  disposal  oi  municipal  refuse,  ventila- 
tion of  tunnels,  highway  construction,  concrete  and 
concrete-steel    construction,     deep     foundations,     the 


manufacture  of  steel,  tests  of  materials  of  construction . 
passenger  elevators,  pumping  machinery,  dredges — 
their  construction  and  performance  ;  steam  turbines, 
electrical  power — (a)  generating  stations,  (b)  trans- 
mission ;  naval  architecture,  marine  engineering,  dry 
docks,  ordnance,  fortifications,  mining — (a)  surveying. 
(b)  hoisting,  {c)  ventilation  ;  engineering  education, 
gas  engines,  surveying,  ocean  hydrography,  wharves 
and  piers. 

A  Model  Doek  Scheme. 

In  his  remarkably  complete  treatise  on  the  Principles 
and  Practice  of  Dock  Engineering,*  lately  issued  from 
the  press,  Mr.  Brysson  Cunningham,  B.E.,  describes 
an  ideal  dock  scheme  on  the  digital  plan.  The 
suggestion  emanated,  in  the  first  instance,  from 
the  late  Thomas  Stevenson,  but  the  design  in 
the  figure  embodies  several  important  modifications 
of  the  original  sketch,  and  includes  an  entrance  which 
has  not,  to  the  author's  knowledge,  appeared  else- 
where. The  idea  is  that  the  dock  is  situated  on  the 
margin  of  a  tidal  river,  or  estuary,  and  the  dual  entrance, 
as  explained  in  Chapter  VI.,  is  intended  to  permit  of 
the  dock  being  accessible  at  all  stages  of  the  tide. 
When  the  flow  is  up  the  river,  vessels  will  enter  by  the 
up-stream  locks  and  depart  by  the  downstream  locks. 
Vice  versa,  when  the  tide  is  running  out,  incoming 
vessels  will  use  the  downstream  locks,  and  those 
departing,  the  upstream  locks.  In  this  way  the  dock 
will  be  worked  without  intermission  and  without 
obstruction.  It  is  assumed  that  the  outer  sills  are 
deep  enough  to  allow  vessels  to  pass  over  them  at 
low  water. 

The  scheme  has  been  amplified  so  as  to  include  all 
the  features  essential  to  a  dock  scheme.  ( ".raving  docks 
of  various  sizes  are  arranged  between  the  entrance 
locks,  with  ample  intermediate  space  for  ship-repair- 
ing depots.  In  order  to  have  shoreward  connection  for 
these,  it  will  be  necessary  for  the  locks  to  be  spanned 
by  movable  bridges. 

The  central  portion  of  the  dock  is  senu-circular  in 
form,  and  designed  to  afford  turning  room  for  vessels 

*  A  Treatise  on  the  Principles  and  Practice  of  Dock 
Engineering,  by  Brysson  Cunningham,  B.E.,  M.Inst.C.E, 
With  34  folding  plates,  and  468 Illustrations  in  the  text 
-—Charles  Griffin  and  Co.,  Ltd.    30s.  net. 
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up   to   1,000   ft.    in    length.        There    are    also    four 
utilisable  berths,  each  275  ft.  long. 

The  branches,  of  which  there  are  five,  though 
irregular  in  form,  are  all  similar,  and  each  provides 
quay  accommodation  in  pairs  of  lengths  of  1,000, 
600  and  400  ft.  successively,  together  with  an  end 
berth  of  350  ft.  The  indentations  permit  of  ships 
overlapping,  while  at  the  same  time  berths  are  afforded 
for  small  craft  of  100  to  120  ft.  in  length.  A  further 
advantage  of  the  indentations  is  that  moored  vessels 
are  well  recessed  out  of  the  way  of  those  passing  in 
and  out  of  the  branches  ;  in  fact,  provision  is  made 
for  vessels  being  attended  in  their  berths  by  rows  of 
lighters  on  each  side  without  obstructing  the  main 
waterwav. 

Commercial  Adjuncts. 

The  sides  of  the  branches,  generally,  are  lined  with 
sheds,  from  100  to  120  ft.  in  width,  of  varying  lengths, 
and  of  heights  taken  at  two  storeys,  but  capable  of 
adjustment  to  circumstances.  The  sheds  are  recessed 
40  ft.  from  the  edge  of  the  quay,  to  allow  of  lines  for 
quay  cranes  and  railwav  trucks.  These  lines,  as  well 
as  others  at  the  rear  of  the  sheds,  are  all  in  inter- 
communication by  means  of  a  circular  railway  along 
the  landward  boundary  of  the  estate,  which  is  supposed 
to  be  connected  with  trunk  lines  leading  to  other  towns. 

Special  berths  are  provided  at  one  branch  dock  for 
petroleum  and  coal,  and  at  another  for  grain  and 
timber.  The  petroleum  berth  has  both  tank  storage 
and  shed  accommodation  for  barrels.     The  coal  berth 


consists  of  an  open  quay,  laid  with  numerous  sidings 
and  furnished  with  projecting  jetties  for  hoists  and 
tips.  Grain  is  received  direct  into  warehouses,  the 
face  line  of  which  is  within  five  feet  of  the  edge  of 
the  coping.  Timber  may  be  discharged  into  a  single 
storey  shed,  or  on  to  a  low  quay,  or  it  may  be  floated 
into  the  timber  pond.  The  river  frontage  is  also  avail- 
able for  timber  storage,  as  well  as  for  a  cattle  wharf, 
if  required,  with  a  lairage  at  the  rear. 

There  are  four  surplus  plots  of  land,  triangular  in 
shape,  between  the  branches.  These  can  be  utilised  as 
sites,  partly  for  administrative  buildings  and  offices, 
and  partly  for  warehouses  and  goods  depots,  timber 
yards,  and  the  like  commercial  adjuncts  of  a  dock 
system.  The  land  immediately  adjoining  the  entrance 
locks  will  be  advantageously  occupied  by  the  dock- 
master's  office  and  residence,  and  by  dwellings  for 
dock  gatemen  and  other  officials,  whose  constant 
attendance  upon  the  spot  is  desirable.  A  convenient 
site  will  also  be  found  in  the  vicinity  of  the  graving 
docks  for  a  pumping  station,  and,  if  hydraulic  power 
is  to  be  employed,  for  one  or  more  accumulators,  though 
possibly  the  requisite  power  may  be  as  readily 
obtained  from  an  external  source,  such  as  the  mains  of 
a  private  company  or  of  a  municipal  body. 

The  design  is  an  ideal  one  in  this  respect,  that  it 
pre-supposes  an  entire  freedom  of  action  in  regard  to 
site  and  outlay  which  is  rarely  attainable.  There  is 
nothing,  however,  to  prevent  the  carrying  out  of  the 
scheme  partially,  or  in  instalments,  as  may  be  found 
necessary. 


From  "  Dock  Engineering." 
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ELECTRICAL  AFFAIRS. 


BY 


E.    KILBURN    SCOTT,    M.I.E.E.,    A.M.Inst.C.E. 


Electricity  in  Mines  Report. 

The  Electricity  in  Mines  Report  has  now  been  issued, 
and  there  can  be  no  doubt  that  the  members  of  the 
Committee  have  been  thoroughly  impressed  with  the 
large  part  that  electric  power  is  going  to  play  in  mining. 
They  state  that  if  installed  with  insufficient  skill  or 
handled  carelessly  accidents  must  occur,  but  they  see 
no  reason  why,  if  properly  set  up,  and  used,  there  would 
be  such  danger  as  would  justify  prohibition.  Re- 
ferring to  the  hewing  of  coal  by  hand,  it  is  recognised 
that  the  danger  from  the  coal  falling  on  to  the  miners 
would  largely  disappear  if  coal  cutters  were  used,  as  in 
the  majority  of  cases  it  would  be  only  the  machine  that 
would  be  damaged.  On  account  of  more  systematic 
tunnelling  which  the  use  of  coal  cutters  involves,  the 
number  of  falls  would  be  much  reduced.  Amongst 
other  collieries  which  the  Committee  visited,  was  that  of 
Pope  and  Pearsons,  where  they  were  shown  an  electric 
coal  cutter  driven  by  a  3-phase  motor,  which  was  under- 
cutting 250  tons  of  coal  per  day,  the  holing  being  6  ft. 
wide. 

Reading  between  the  lines  of  the  Report,  the  balance 
of  evidence  appears  to  have  been  in  favour  of  alterna- 
ting as  against  continuous  current.  Colliery  managers 
are  warned  against  studying  an  immediate  saving  in 
capital  cost  without  at  the  same  time  keeping  before 
them  the  prospect  of  a  long  bill  for  renewals  and 
repairs  which  will  almost  inevitably  follow. 

Overhead  Transmission  of  Power  Lines. 

The  present  attitude  of  the  Government  towards 
overhead  transmission  of  power  wires  is  most  en- 
couraging to  those  who  have  always  maintained  that 
this  country  is  handicapped  by  the  existing  regula- 
tions. The  technical  advisers  to  the  Board  of  Trade 
have  expressed  themselves  as  favourable  to  the  em- 
ployment of  bare  wires  in  suitable  situations,  and  as 
the  Board  is  the  deciding  body  in  case  of  dispute 
between  the  Local  Authorities  and  a  Power  Supply 
Company,  we  shall  soon  have  high  tension  overhead 
lines.  It  is  probable  that  the  Board  will  require  that 
the  wires  shall  be  at  least  28  ft.  from  the  ground,  and  the 
poles  fixed  at  such  a  distance  from  the  road  that  if  a 
pole  falls  towards  the  road  the  wire  will  be  clear  of  the 
path.  Where  the  wires  go  over  a  road,  a  guard  wire 
netting  will  be  necessary,  similar  to  those  used  on  the 
Continent. 

The    Proved    Reliability    of    Overhead    Trans- 
mission. 

Regarding  the  general  reliability  of  overhead  trans- 
mission, two  particular  cases  may  be  cited.  One  is 
the  historic  transmission  from  Tivoli  to  Rome,  a  dis- 
tance of  19  miles,  at  20,000  volts.  This  has  now  been 
in  operation  for  over  13  years,  supplying  the  whole  of 
the  energy  required  for  the  lighting  power  and  tram- 
ways in  the  Citv  of  Koine,  and  no  accident  or  break- 
down has  been  reported.  The  other  is  the  ca 
Buffalo,  which  is  supplied  from  Niagara  halls,  through 

two  pole  lines,  one  20  miles  and  the  other  j 3  miles  long, 
the  voltage  being  22,000.       Even   so  long  ago  as    tQOI, 

the  Buffalo  load  consisted  of  7,000  h.p.  in  tramway 

motors,    4,000   h.p.    in    large    three-phase   motors. 
4,000  h.p.  for  arc  and  incandescent  lighting. 


Probably  the  most  telling  argument  as  to  the  general 
reliability  of  overhead  wires  is  the  fact  that  of  the 
total  mileage  of  wire  used  for  electrical  purposes  in  the 
United  States,  only  61-  per  cent,  is  underground. 

It  may  be  suggested  that  there  would  be  risk  of 
breakdown  where  the  supply  is  carried  along  a  single 
pole  line.  However  this  may  be,  it  is  nevertheless 
a  fact  that  some  of  the  longest  transmissions  in  the 
world  are  through  single  pole  lines ;  amongst  them 
being — 

Electra  to  San  Francisco,  154  miles,  60,000  volts. ; 

Santa  Ano  to  Los  Angeles,  83  miles  ; 

Shawinigan  Falls  to  Montreal,  85  miles. 

Lightning  Arresters  for  Transmission  of  Power 
Lines. 

Experience  in  countries  where  lightning  storms  are 
very  much  more  frequent  than  they  are  in  this  country 
has  shown  that  the  likelihood  of  an  overhead  trans- 
mission line  being  struck,  is  very  remote.  In  any  case, 
such  lines  are  protected  by  means  of  Siemens  and 
Halske's  arresters  of  the  flaring-horn  type,  placed  on 
the  poles  at  intervals.  One  side  of  each  arrester  is 
permanently  connected  to  a  good  earth,  and  they  do 
not  require  any  adjustment,  as  the  arc  following  a 
lightning  flash  is  automatically  suppressed  by  reason  of 
the  air  convection,  currents  of  air  causing  the  arc  to 
rise  up  the  spreading  horns,  and  also  because  the 
current  passing  between  the  horns  acts  as  a  single  turn 
magnetic  blowout  and  repels  the  arc  up  the  -horns. 
These  lightning  arresters  are  universally  employed 
for  transmission  lines  all  over  the  world,  and  have  been 
found  to  meet  all  ordinary  requirements. 

Another  method  of  protection  is  by  means  of  the 
water  squirt  arrester,  as  employed  at  Vizzola  Power 
Station  in  Northern  Italy.  In  this  apparatus,  several 
jets  of  water  are  caused  to  continually  play  on  to  the  live 
wires.  In  case  of  a  lightning  flash  travelling  along  the 
line  as  far  as  the  Power  Station,  it  immediately  goes 
to  earth  down  the  jets  of  water.  The  minute  distances 
between  the  small  drops  of  water,  however,  effectually 
prevents  current  from  the  electric  generators  following 
the  lightning.  A  feature  of  this  apparatus  is  that  it  is 
always  ready,  and  there  is  nothing  to  burn  out,  as  is  the 
case  where  metal  is  employed. 

Sleet  and  Ice  on  Overhead  Wires. 

When  telegraph  or  telephone  wires  are  torn  down  it  is 
usually  caused  by  sleet  or  ice  forming  on  the  wire,  and 
not  only  increasing  its  weight  but  also  offering  a  greater 
surface  for  wind  pressure.  The  reason  why  accidents 
on  power  transmission  wires  are  so  low  is  apparently 
traceable  to  the  fact  that  a  power  wire  is  much  larger. 
It  is  not  worth  while  erecting  wires  much  less  than 
,'«  in.  diameter  and  0*324  in.  diameter  (No.  o  B  &  S.)  is 
the  size  usually  employed.  A  second  reason  is  that 
the  current  passing  through  the  wire  keeps  its  tem- 
perature appreciably  higher  than  the  surrounding 
atmosphere.  In  a  telegraph  or  telephone  wire  the 
current  is  very  small,  and  further  it  is  intermittent. 
In  .1  power  transmission,  on  the  other  hand,  current  is 
always  Bowing,  and  in  ease  tlit"  demand  is  considered 
to  be  too  low  to  keep  sleet  or  snow  from  freezing  on  the 
.    it     is    an    easy     matter    to   increase    the    current 

temporarily  by  means  oi  resistances. 
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POWER   STATION   NOTES. 

By   E.  K.  S. 


Erosion  of  Buckets  of  Tangential  Water  Wheels. 
One  of  the  troubles  met  with  in  water  power  plants 
is  the  sand  and  other  solid  matter  in  the  water.  A 
stream  which  comes  from  a  glacier  or  a  mountain 
lake  is  the  best  in  this  respect,  as  the  water  is  usually 
free  from  sand.  When  sand,  etc.,  is  present  in  any 
quantity,  a  surface  reservoir  has  generally  to  be  con- 
structed to  allow  the  solid  particles  to  settle.  In 
any  case,  if  sand  is  present  it  does  less  harm  on  a 
Pelton  wheel  than  it  would  on  a  turbine,  for  when 
the  erosion  of  the  buckets  is  sufficiently  advanced, 
it  is  onlv  a  matter  of  an  hour  or  so  to  fix  a  new  set. 
The  buckets  are  always  made  with  a  simple  fastening, 
so  that  they  can  be  changed  with  very  little  trouble 
by  unskilled  men.  Sometimes  the  water  is  charged 
with  a  material  which  has  greater  eroding  action  than 
sand.  For  example,  at  the  Burma  Ruby  Mines  the 
water  contains  large  quantities  of  ruby  dust,  with 
the  result  that  the  buckets  on  the  Pelton  wheels,  as 
well  as  the  nozzles,  have  to  be  renewed  about  once 
every  three  months. 

Lining  of  the  Tail  Race. 

Under  high  heads  of  1,000  ft.  or  so,  after  the  water 
has  left  the  wheel  it  still  has  considerable  velocity, 
and  as  the  fining  of  the  tail-race  is  liable  to  suffer,  it 
is  usual  to  fine  it  just  below  the  wheel  with  renewable 
elmwood  planking,  or  with  thick  cast-iron  plates.  In 
the  San  Joaquin  Power  House  in  California,  cast-iron 
plates  are  used.  One  reason  for  these  renewable 
linings  is  that  most  tangential  or  Pelton  wheels  are 
governed  bv  deflection  of  the  nozzle,  and  therefore 
at  times  some  of  the  water  will  strike  the  tail  race 
with  maximum  nozzle  velocity. 

On  the  Snowdon  Power  Station,  on  the  design 
of  which  the  writer  has  been  working,  the  head  of 
water  from  Lake  Llydow  down  to  the  power  station 
(6,500  ft.)  is  1,150  ft.,  which  gives  a  pressure  of  500  lb. 
per  square  inch  at  the  nozzles  of  the  (1,500  h.p.) 
tangential  wheels.  At  the  Pikes  Peak  Hydro  Electric 
Company's  Power  Station,  the  enormous  head  of 
2,100  ft.,  equal  to  910  lb.,  is  employed. 

Lancashire  Boilers  with  Multiwater  Tubes. 

The  increasing  use  of  water-tube  boilers  during 
recent  years  has  without  doubt  affected  the  output 
of  the  Lancashire  and  other  older  types,  and  one 
result  has  been  to  give  an  incentive  to  the  introduction 
of  improvements.  When  the  Galloway  tube  was 
mployed  in  Lancashire  boilers  the  improvement 
in  output  and  efficiency  was  most  marked,  and  indeed 
in  time  these  tubes  came  to  be  looked  upon  as  standard 
practice.  Seeing  that  they  were  such  a  decided 
improvement,  it  is  somewhat  strange  that  the  makers 
have  not  before  now  taken  a  lesson  from  the  water- 
tube  boiler,  and  replaced  their  Galloway  tubes  by 
nests  of  smaller  tubes,  so  as  to  still  further  increase 
the  circulation  and  heating  surface.  It  is  interesting 
to  note  that  this  idea  has  now  been  taken  up  by  the 
Premier  Boiler  Tubes,  Ltd.  A  Lancashire  boiler 
measuring,  sav,  30  ft.  by  7  ft.,  and  having  two  flues, 
each  2  ft.  9  in.  in  diameter,  will  ordinarily  have  ten 
Galloway  tubes,  and  the  areas  will  be — grate  33  sq.  ft., 


flues  and  boiler  shell  S53  sq.  ft.,  Galloway  tubes  50  ft.  sq, 
^."ow  if  the  ten  Galloway  tubes  are  replaced  by  144 
(Premier)  tubes,  each  about  3  in.  inside  diameter,  the 
tube  heating  surface  is  increased  from  50  sq.  ft.  to 
330  sq.  ft. 

Tests  made  by  Messrs.  Nunsey,  Leatherbarrow, 
Ashbury,  Lancaster,  and  others  show  that  the  fitting 
of  a  30  ft.  by  7  ft.  Lancashire  boiler  with  144  Premier 
tubes  in  place  of  Galloway  tubes  gave  nearly  11  lb. 
of  water  evaporated  per  pound  of  coal,  as  against 
7-16  lb.  before  the  boiler  was  altered  ;  the  coal  con- 
sumption per  square  foot  of  grate  area,  and  also  the 
draught  were  increased.  One  interesting  feature  in 
connection  with  this  very  practical  improvement  is 
that  it  can  be  applied  to  any  existing  boiler.  The 
Galloway  tubes  are  removed,  and  rectangular  spaces 
cut  in  the  top  and  bottom  of  the  flue,  over  which 
stepped  plates  are  rivetted,  the  tubes  being  then 
expanded  into  them.  The  nests  of  tubes  are  of  course 
placed  in  groups  alternately  to  right  and  left  in  the 
flue,  in  the  same  way  as  a  Galloway  tube,  the  groups 
being  placed  so  as  to  leave  ample  room  for  a  man  to 
pass  through  the  flue  for  inspection  and  cleaning.  It 
may  be  asked  whether  these  smaller  tubes  are  not  more 
likely  to  be  scaled,  but  so  far  it  has  been  proved 
not  to  be  the  case,  owing  to  the  extremely  rapid  cir- 
culation through  them.  In  any  case  it  is  now  gene- 
rally recognised  that  the  question  of  scale  ought  xo  be 
dealt  with  in  the  proper  manner  by  softening  the 
water  before  it  enters  the  boiler,  either  by  passing  it 
through  a  feed  heater  if  "  temporary  hard  "  or  through 
a  specially  designed  water  softener  if  it  has  "  permanent 
hardness. 

Large  Gas-driven  Prime  Movers. 

As  power  requirements  increase,  both  makers  and 
buyers  of  gas  engines  are  met  by  the  same  difficulties 
as  in  large  steam  engines,  namely,  their  unwieldiness 
and  great  expense.  The  gas  engine  will  no  doubt 
pass  through  the  same  stages  as  the  steam  engine, 
namely,  there  will  be  the  present  period  of  slow-speed 
gas  engines,  then  a  period  of  quick-speed  gas  engines, 
and  finallv  the  gas  turbine,  the  only  point  in  which 
the  development  will  differ  from  steam  practice  being 
that  the  steps  will  follow  each  other  very  rapidly. 
The  quick-speed  gas  engine  has,  indeed,  made  its 
appearance  in  the  Westinghouse  engine,  and  attempts 
at  gas  turbines  have  already  been  made  at  Leeds. 
It  is  significant  that  a  quick-speed  steam-engine 
maker,  such  as  Mr.  Reavell,  is  hard  at  work  on  the 
gas  turbine  problem. 

Gas  Producers. 

We  understand  that  the  800  h.p.  gas  producer  for 
the  Willans  gas  engines  at  McMurray's  Royal  Paper 
Mills  as  mentioned  in  our  May  issue,  is  being  supplied  by 
the  Power-Gas  Corporation,  Limited.  This  firm  have 
now  a  gas  producer  plant  of  1,000  h.p.  capacity  in 
operation  at  Messrs.  James  Cropper  and  Co.'s  Paper 
Mills,  Kendal,  and  a  plant  of  1. 000  h.p.  capacity  is  in 
course  of  construction  for  the  London  Paper  Mills, 
Dartford.  It  is  interesting  to  hear  that  there  is  so 
much  activity  in  large  gas  engine  work. 


IRON    AND    STEEL    NOTES. 


BY 

E.  H.  B. 


An  Ideal  Foundry. 

A  work  which  should  prove  popular  among  those 
engaged  in  the  iron-founding  and  allied  industries  has 
just  been  produced  by  Professor  Thomas  Turner,  of 
Birmingham  University.  It  is  entitled  "  Lectures  on 
Iron  Founding,"  and  is  based  upon  a  special  course 
of  evening  lectures  in  connection  with  the  School  of 
Metallurgy  of  the  University,  delivered  to  practical 
workers  engaged  in  the  district.  The  author  first  dis- 
cusses the  general  character  and  composition  of  the 
metal  employed  by  the  iron-founder.  He  deals  with 
the  arrangement  of  the  iron-foundry,  with  the  work 
conducted  therein,  and  with  some  of  the  most  important 
problems  which  the  founder  has  to  encounter.  Dis- 
cussing the  features  which  go  to  make  up  an  ideal 
foundry,  he  remarks  that  it  should  be  a  large  well-lighted 
building,  rectangular  in  plan,  erected  on  a  level  site, 
close  to  railway  and  water  communication,  and  with 
plenty  of  room  around  the  building  for  sidings,  stores, 
light,  air,  or  future  extensions.  The  buildings  should 
be  constructed  so  as  to  be  well  ventilated  in  summer, 
and  warmed  in  the  depth  of  winter.  The  working  floor 
is  of  earth,  but  sufficient  tram-lines  should  be  provided 
to  allow  of  ready  transport  of  heavy  material.  One 
or  more  large  overhead  traversing  cranes  should  be 
provided,  and  also  a  number  of  smaller  jib  cranes,  so 
as  to  allow  of  the  ready  handling  of  heavy  moulds 
and  castings.  Lastly,  due  attention  should  be  paid  to 
the  sanitary  arrangements  for  the  convenience  of  the 
men,  and  these  should  include  facilities  for  washing, 
and  for  some  change  of  clothes,  so  that  the  moulders 
when  they  leave  work  may  be  able  to  do  so  with  self- 
respect,  and  be  in  a  fit  state  to  travel  in  a  public 
conveyance. 

Machine  Moulding. 

The  author  remarks  that  in  foundries  where  a  large 
number  of  "  repeat  "  orders,  or  orders  of  one  kind, 
have  to  be  executed,  machine  moulding  is  now  very 
commonly  applied,  and  is  steadily  growing  in  favour, 
particularly  in  America.  Moulding  machines  are  only 
used  for  the  production  of  green  sand  castings,  and 
in  such  machines  it  is,  of  course,  necessary  to  use  flasks 
and  patterns  as  usual,  but  the  machine  largely  reduces 
the  labour,  and  increases  the  uniformity,  when  work 
of  the  same  class  is  being  continually  turned  out. 
Moulding  machines  cannot  be  used  for  intricate  shapes 
or  re-entering  angles,  but  are  especially  suitable  for 
work  of  a  simple  character  which  allows  of  the  patterns 
being  mounted  on  a  board  ;  or,  where  the  pattern 
can  be  divided  into  two  parts  and  mounted,  either  on 
two  sides  of  one  board,  as  in  one  class  of  machine,  or 
on  two  separate  boards,  as  in  another  form  of  machine. 

Moulding  machines  answer  admirably  with  patterns 
which  are  shallow,  or  when  a  number  of  small  patterns 
can  be  grouped  on  one  plate,  when  the  mould  is  easy 
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to  ram,  and  when  the  rammed  part  can  be  easily  with- 
drawn. In  some  cases  patterns  have  to  be  withdrawn 
with  a  special  motion  or  at  an  angle.  For  such  work 
machine  moulding  is  unsuitable,  as  the  machine  will 
only  lift  vertically.  Work  having  a  good  deal  of  detail, 
provided  it  is  shallow,  can  be  readily  done  with  a 
moulding  machine,  as  can  also  cylindrical  sections. 
On  the  other  hand,  castings  of  great  depth  and  in- 
tricacy, or  those  with  middle  parts,  cannot  be  so 
successfully  done  with  machines  as  by  hand. 

Incidentally,  the  author  discusses  in  a  practical 
manner  common  troubles  of  the  iron  founder  such  as 
shut  ends,  rough  surfaces,  blow-holes,  sponginess,  etc., 
and  there  is  a  valuable  concluding  lecture  on  tests 
for  cast  iron. 

High-Speed  Steel. 

Mr.  A.  Leggett,  in  the  course  of  a  paper  on  high- 
speed steels,  read  at  a  meeting  of  the  Ipswich  Engi- 
neering Society,  says  that  as  regards  his  own  observa- 
tions and  experience  with  the  steel,  there  are  several 
points  in  its  favour,  apart  from  its  efficiency  or  cutting 
powers.  (1)  It  is  easy  to  forge;  (2)  There  is  very 
little  j  .-obability  of  spoiling  it,  although  improper 
handling  soon  causes  deterioration  in  the  quality 
of  the  steel.  Taylor  White  gives  the  so-called  critical 
temperature  of  the  steel  at  approx.  1,550,  or  a  bright 
cherry-red  colour.  This  is  rather  an  important  point  in 
the  making  of  the  tool.  Steel  makers  do  not  tell  us 
that  their  steel  deteriorates  at  a  certain  temperature, 
but  some  of  them,  in  their  instructions  for  forging  and 
tempering,  say  that  the  tool  should  be  soaked  in  the 
fire  to  a  dull  red,  and  then  brought  up  to  a  bright 
white  heat  as  quickly  as  possible.  This  is  what  is 
called  the  critical  temperature  ;  and,  according  to 
Taylor  White's  specification,  that  deterioration  takes 
place  rapidly  between  the  temperatures  shown.  An 
analysis  of  the  steel  after  being  heated,  he  says. 
"  showed  that  approx.  f  of  the  carbide  of  chromium  or 
molybdenum  and  tungsten  had  been  extracted  or  lost." 

The  author  remarks  that  the  cutting  angles  of  the  tool 
have  a  great  influence  upon  its  efficiency,  and  to  obtain 
the  best  results  the  angle  must  be  chosen  to  suit  the 
work  in  hand.  To  obtain  an  approximate  constant 
efficiency  on  various  diameters,  the  angles  must  be 
made  to  suit.  As  a  rough  and  general  rule,  the  more 
acute  the  top  side  rake  the  less  the  resistance.  The  less 
front  clearance  the  longer  the  life  of  the  fool,  for  with 
excess  of  clearance  there  is  nothing  to  back  up  the 
cutting  point,  so  that  vibration  sets  up,  and  the  tool 
soon  falls  down  from  the  series  of  shocks.  The  set 
of  the  tool — that  is,  the  position  in  the  rest — also  has 
a  very  marked  effect  on  the  efficiency  of  the  tool  in 
the  way  of  relieving  the  friction  caused  by  the  chip 
passing  over  the  tool,  and  it  is  possible  to  make  a 
considerable  difference  in  the  amount  oi  metal  removed 
by  slightly  altering  the  set.  The  tool  is  generally 
doing  its  maximum  with  the  minimum  amount  oi 
power  when  the  chip  is  curling  to  a  fairly  large  radius 
— that  is,  about  2  in.  or  3  in.  when  turning  from  5  in. 
to  6  in.  diameter  material.  When  the  chip  is  curled 
up  very  close  a  great  deal  of  power  is  wasted  in  simply 
curling  the  chip. 
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LOCOMOTIVE   ENGINEERING  NOTES. 


BY 


CHARLES   ROUS-MARTEN, 


Lack  of  Uniformity  and  Finality  in  Locomotive 
Practice. 

It  is  not  a  little  curious  how  persistently  Fate  seems 
to  interpose  obstacles  to  uniformity  or  finality  in  loco- 
motive practice.     A  few  years  ago  outside  cylinders 
were  apparently  doomed  in  this  country,  and — adopting 
the   drivers'    usual   pronunciation — so   were   all   loco- 
motive boilers  to  be.     When  Mr.  Adams  retired  from 
the  London  and  South-Western,  the  last  advocate  of 
outside  cylinders  disappeared  from  the  chief  mechanical 
engineership  of  any  leading  British  line,  while  Mr.  J. 
Stirling's  retirement  from  the  South-Eastern  similarly 
removed  the  sole  supporter  of  the  domeless  boiler  who 
yet  survived  in  locomotive  "  high  places."     Thus  all 
seemed   to   make  for  uniformity  of  British  practice. 
All  our  engines  were  to  have  domed  boilers — all  inside 
cylinders.  We  had  reached  finality  on  two  points,  as  to 
-one   of   which — the   steam-dome — we   had   previously 
differed,  in  the  case  of  some  of  our  railways,  from  all 
the  rest  of  the  world,  while  as  to  the  other — the  cylinder 
positon — we  had  all  America  and  a  majority  of  Europe 
.  against  our  former  method.     There  appeared,   there- 
fore, a  coming  into  line  with  the  rest  of  the  world, 
in  respect  of  the  latter  point,  but  an  accentuation  of 
our  dissent  in  the  other  particular  through  our  own 
peculiar  plan  becoming  universal  in  these  islands.     Yet 
in  less  than  half  a  decade  all  this  is  changed.     Once 
more  outside  cylinders  have  come  to  the  front,  and 
strangely  enough    this  is  the  ca«e  more  especially  on 
some  of  the  railways  whose  locomotive  chiefs  are  the 
most  emphatic  in  their  preference  for  inside  cylinders. 
The  obvious  explanation  of  this  is  that  the  outside 
position  has  been  forced  upon  its  opponents  against 
their  will  through  the  combined  exigencies  of  traffic- 
increase  and  loading-gauge  dimensional  limits.     Still 
the  fact  is  none  the  less  remarkable  and  instructive. 

Inside  and  Outside  Cylinders. 

In  no  case  is  this  more  prominent  than  in  that  of 
the  Great  Western.  From  its  earliest  days  that  rail- 
way has  consistently  adhered  to  the  inside  position  for 
the  cylinders  of  its  locomotives.  Alike  in  broad-gauge 
and  in  standard-gauge  times,  under  Sir  D.  Guoch, 
Mr.  Armstrong,  Mr.  Dean  and  Mr.  Churchward  tins 
was  the  rule.  The  few  exceptions  were  so  very  few 
as  not  to  be  worth  mentioning.  Yet  suddenly  the 
Great  Western  broke  out  into  outside  cylinders  in  the 
exceptional  case  of  No.  ioo,  and  now  it  would  appear 
I  his  plan  were  henceforward  to  rule  supreme.  The 
London  and  South-Western,  it  is  true,  still  remains 
faithful  to  inside  cylinders,  which  Mr.  Adams  had 
latterly  adopted  in  the  case  of  all  but  the  express 
engines,  and  which  Mr.  Drummond  baa  extended  to 
those  also;  but  even  among  His  London  and  South- 
ern builds  there  may  be  found  six  locomotives 
whi<  h  have  outside  cylinders,  although  with  inside  ones 


as  well.     The  London,  Brighton  and  South  Coast,  and 
the  South-Eastern  and  Chatham  have  always  preferred 
the  inside  position,  and  still  do.     The  Great  Eastern, 
formerly  an  "  outsider,"  has  been  an  "  insider  "  during 
the  successive  reigns  of  Messrs.  Worsdell  and  Holden, 
yet  the  latter  eminent  engineer  has  felt  constrained 
to  build  one  engine  which  has  a  pair  of  outside  cylinders 
as  well  as  a  single  one  inside — his  famous  "  Decapod." 
The  Great  Northern,  another  staunch  "insider,"  had 
yet  to  submit  to  outside  cylinders  in  the  case  of  Mr.  P . 
Stirling's    8-ft.    single-wheelers,    because    that    wheel- 
diameter  combined  with  a  28-in.  piston-stroke  rendered 
the  other  position  impracticable.     And  now  under  Mr. 
H.  A.   Ivatt — another  notable   "insider" — the  Great 
Northern  has  adopted  outside  cylinders  for  its  standard 
express  engines — the  Atlantic  Class.     The  London  and 
North-Western    was    equally    "  inside-ish  "    save    for 
Mr.    Ramsbottom's    7-ft.    6-in.    single-wheelers,   until 
compounding  compelled  Mr.  Webb  to  place  his  high- 
pressure  cylinders  outside  the  frames, while  the  Midland, 
admitted     among     its     own     designs    no     exception 
to  the  outside  rule  until  Mr.  Johnson  went  in  for  the 
compound  type,  but  then  he  too  had  to  place  a  pair 
of    cylinders — the    low-pressure    ones    in    his    case — 
outside.     So  also  on  the  North-Eastern  "  inside-ism  " 
was  practically  all-prevalent  until  Mr.  Wilson  Worsdell 
brought  out  his  six-coupled  bogie  express  types,  both 
of  which  had  outside  cylinders,  as  also  have  his  new 
"  Atlantics  "   and   his  eight-coupled  goods  engines   as 
well.     Similarly  the  Great  Central,  under  Mr.  Robinson, 
has  turned  to  outside  cylinders  for  its  newest  loco- 
motive   types,    not    only    the    "  Atlantics  "    and   six- 
coupled    bogie    expresses,    but    also    the    ten-wheeled 
mixed  traffic  or  "  fish  "  engines.     On  the  Lancashire 
and  Yorkshire,  North  British  and  Caledonian,  Messrs. 
Hoy,   Reid  and  MTntosh  have  remained   "  insiders," 
but  the  Glasgow  and  South-Western  and  the  Highland 
have  adopted  "  outside-ism  "  in  the  latest  designs  of 
Messrs.  Manson  and  P.  Drummond  respectively.     Here 
then  we  have  an  apparent  tendency  toward  uniformity, 
but  oddly  enough  in  a  direction  diametrically  opposite 
to  that  which  a  very  few  years  ago  seemed  virtually 
assured. 

Other  Divergent  Methods. 

As  regards  the  steam  dome,  the  Great  Western 
remains  the  sole  British  railway  which  now  ceases  to 
supply  it  to  newly  designed  locomotives.  I  have 
explained  in  former  notes  the  reasons  which  intluence 
Mr.  Churchward  in  dispensing  with  it.  Experience 
alone  can  test  the  wisdom  or  unwisdom  of  this  plan 
in  the  adoption  of  which,  at  present,  he  stands  virtually 
alone  among  the  locomotive  designers  of  the  world. 
His  distinction  will  be  all  the  greater  should  time 
justify  his  departure  from  the  normal.  Hut  at  least 
it   may  already  be  said  with  Confidence  that    the  work 
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of  his  domeless  engine's  is  equal  to  that  of  any  other 
locomotives  of  the  same  classes  in  the  United  Kingdom  ; 
I  prefer  to  content  myself  at  present  with  this  cautious 
predication — I  will  not  attempt  prediction.  But  much 
more  remains  to  be  said  on  this  subject  and  probably 
may  be  said  in  the  not-distant   future. 

Coupled  Engines  versus  Single-Wheelers. 

But  the  Twentieth  Century  really  did  seem  to  have 
brought  us  finality  as  regarded  the  long-vexed  question 
of  coupled  versus  single-driving  wheels  for  express 
engines.  Not  one  single-driver  engine  has  been  built 
in  the  whole  civilised  world — so  far  as  I  am  aware — 
since  the  first  year  of  the  Twentieth  Century.  Nor 
are  any  more  yet  contemplated  to  my  knowledge. 
But  it  is  undeniable  that  the  amazing  performance 
of  one  single-wheeler  on  the  Great  Western  Railway 
as  chronicled  in  my  notes  for  June,  has  "  given  pause  " 
to  those  who  were  prepared  to  deem  that  type  obsolete 
at  last.  It  was  no  surprise  to  any  locomotive  engineer 
to  find  a  7-ft.  8-in.  single-wheeler  capable  of  very  fast 
work  with  a  light  train  on  an  easy  road,  but  few  people, 
if  any,  were  quite  prepared  for  so  remarkable  a  display 
of  such  high-speed  so  long  sustained  as  that  which 
Mr.  Dean's  engine,  No.  3065  "  Duke  of  Connaught," 
achieved  on  May  9th,  with  a  load  of  120  tons  behind 
her  tender,  on  a  road  which  afforded  little,  if  any, 
aid  from  gravitation.  That  performance  has  revived 
the  old  question  whether  it  may  not  be  advisable,  or 
indeed  necessary,  to  limit  the  train-loads  and  increase 
the  fares  when  extra  high  average  speeds  are  required, 
as  is  done  both  in  Europe  and  in  America,  and  to 
employ  single-wheelers  on  such  services,  which  is  not 
done  either  in  Europe  or  in  America.  The  attempt 
to  haul  the  biggest  modern  loads  at  the  highest  modern 
average  speeds  is  not  yet  an  invariable  success,  and 
it  may  fairly  be  considered  whether  future  accelera- 
tions may  not  necessarily  be  confined  to  new  limited 
trains  like  the  Brighton  Company's  Pullman  on  Sundays 
or  the  French  "  Sud  Express "  or  the  American 
"Twentieth  Century  Limited."  I  am  referring  of  course 
to  such  suggested  average  speeds  as  60  to  70  miles  an 
hour  or  upward — which  the  Great  Western  record  proved 
to  be  quite  feasible — while  the  existing  expresses 
booked  at  50  to  60  miles  an  hour  carrying  all  classes 
and  weighing  300  to  400  tons,  would  not  be  interfered 
with.     The  idea  seems  worthy  of  careful  consideration. 

The  New  London  and  North-Western  Loco- 
motives. 
Three  engines  of  the  fine  and  handsome  eight- 
wheeled  type  recently  brought  out  on  the  London 
and  North-Western  Railway  by  its  new  Chief  Mecha- 
nical Engineer,  Mr.  G.  Whale,  are  now  at  work,  viz., 
No.  513  "Precursor,"  No.  1395  "Harbinger"  and 
No.  1419  "  Tamerlane."  I  have  described  the  tvpe 
in  former  notes,  and  it  will  be  remembered  that  they 
have  6-ft.  9-in.  driving  wheels  four-coupled,  with  inside 
cylinders  19  in.  by  26  in.,  and  large  boilers  with  2,009 
square  feet]of  heating  surface.   I  may  point  out,  in  pass- 


ing, that  Mr.  Whale  thus  reverts  to  inside  cylinders,  the 
traditional  method  of  that  railway.  These  engines,  un- 
assisted, are  hauling  loads  for  which  a  pilot  was  always 
employed  when  any  previous  London  and  North- 
western locomotive  was  the  train  engine.  To  mention 
two  cases  which  recently  came  under  my  own  obser- 
vation :  No.  1395  "  Harbinger  "  hauled  from  Euston 
to  Crewe  a  train  reckoned  as  "  22  coaches  "  in  exactly 
three  hours,  thus  averaging  527  miles  an  hour  from 
start  to  stop,  in  spite  of  2  minutes  delay  caused  by 
a  special  permanent-way  slack  of  considerable  duration 
just  north  o£ Rugby.  There  were  three  twelve-wheeled 
dining-cars,  each  computed  as  two  coaches  ;  ten 
eight-wheelers,  each  taken  as  1^  ;  and  one  six- wheeler. 
The   twelve-wheelers     were  officially  stated  to  weigh 

42  tons  apiece  ;  the  eight-wheelers  to  average  26  tons 
each,  and  the  six- wheeler  15  tons.  Here,  then,  we 
have  a  total  tare  weight  of  no  less  than  401  tons,  and 
if  we  include  passengers,  baggage,  staff  and  stores, 
the  total  weight  behind  the  tender  cannot  certainly 
have  been  under  420  tons.  Further,  if  the  delay  be 
deducted  from  the  travelling  time,  the  average  start- 
to-stop  speed  was  5  3  3  miles  an  hour.  Now  was  a 
load  of  420  tons  behind  the  tender  ever  before  hauled 
in  Britain  at  an  average  rate  of  S3' 3  miles  an  hour 
from  start-to-stop  over  even  so  moderately-graded  a 
road  as  the  London  and  North-Western  ?  I  am  inclined 
to  doubt  it.  And  the  minimum  speed  up  the  Tring 
bank,  1  in  330,  never  fell  below  48  miles  an  hour 
with  that  load,  orj>  below  50  miles  an  hour  up  the 
7  miles  at  1  in  350  past  Roade.  Yet  even  that  fine 
performance  represented  a  loss  of  3  minutes  in  the 
actual  running  from  Euston  to  Crewe,  because  the 
booked  average  speed  was  54  2  miles  an  hour.  The 
moral  would  seem  to  be  that  such  booked  speeds  with 
such  loads  cannot  be  relied  upon  with  confidence.  In 
the  opposite  direction  No.  1419  "  Tamerlane,"  of  the 
same  class,  hauled  from  Crewe  to  Euston  a  train 
reckoned  as  "  18  coaches,"  or  339  tons  empty,  360  tons 
loaded,    behind   the   tender,    in    2    hours    50   minutes 

43  seconds,  i.e.,  4  minutes  17  seconds  under  booked 
time,  and  averaged  548  miles  an  hour.  This  is  very- 
admirable  work. 

The  Latest  Great  Western  Novelty. 

Mr.  Churchward's  latest  departure  at  Swindon  is  to 
bring  out  a  fresh  type  of  express  engine,  in  which 
the  18-in.  by  30-in.  outside  cylinders,  which  he  has  given 
to  several  new  classes  of  locomotives,  six-coupled 
bogie  expresses,  consolidation  goods  and  heavy  tanks, 
are  applied  to  his  standard  "  City  "  type.  That  is  to 
say, he  retains  the  6-ft.  S-in.  driving  wheels  four-coupled, 
the  same  wagon-top  boiler,  and  Belpaire  firebox  and 
18  in.  cylinder  diameter.  But  he  lengthens  the  piston 
stroke  by  4  in.,  viz.,  to  30  in.,  and  he  does  away  with 
the  double  framing,  giving  the  new  engines  single 
inside  frames  and  outside  cylinders.  The  new  engines 
will  be  known  as  the  "  County  "  class  and  will  be 
named  after  the  various  British  counties.  The  pioneer, 
''  County   of    Middlesex,"    is   already   out. 
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The  Side-Slip  Competition. 

The  report  of  the  Side-Slip  Committee  states  that  the 
recent  side-slip  trials  produced  thirteen  entries.  Three 
were  devices  forming  an  integral  part  of  the  tyre  ; 
three  were  discs  in  contact  with  the  road  carried  on 
arms  attached  to  the  back  axle  ;  two  were  steel  blades 
kept  in  contact  with  the  road  by  springs  and  attached 
to  the  wheels,  three  to  each  wheel  ;  three  were  detach- 
able leather  covers  fitted  with  steel  studs  or  segments  ; 
and  two  were  detachable  chains  or  plates. 

The  trials  began  with  an  endurance  test  of  857  miles, 
to  which  all  the  devices  were  submitted,  except  those 
which  could  be  put  in  or  out  of  action  from  the  driver's 
seat  ;  these  latter  were  only  run  over  a  distance  of 
104  miles.  The  roads  chosen  were  as  far  as  possible 
representative,  but  included  a  large  proportion  of  tram 
lines  and  setts.  Observers  were  carried  on  all  the 
cars  throughout  the  whole  of  the  endurance  test,  who 
reported  every  repair  and  renewal  made  during  the 
runs.  At  the  conclusion  of  the  endurance  test  the 
cars  were  submitted  to  a  trial  of  the  absorption  of 
power  of  the  various  devices.  The  cars  were  run 
down  a  hill  at  a  speed  of  about  20  miles  an  hour,  first 
with  the  device  fitted,  and  secondly  with  the  device 
removed.  The  distance  between  the  stopping  points 
under  the  two  conditions  was  then  measured,  and  it 
was  shown  that  there  was  an  appreciable  difference 
in  the  power  absorbed  by  the  different  devices. 

The  devices  were  then  submitted  to  the  actual  side- 
slipping test.  A  space  of  50  ft.  by  10  ft.  of  smooth 
asphalt  under  cover  was  coated  with  a  thin  layer  of 
Thames  mud  and  fluid  soft  soap,  forming  a  greasy 
substance  closely  resembling  a  London  asphalt  street 
on  a  damp  foggy  day.  All  the  cars  were  required  to 
cross  the  greasy  patch  at  speed,  and  to  attempt  to 
make  a  sharp  turn  while  on  the  grease.  None  of  the 
cars  succeeded  in  turning  in  the  least  degree  out  of 
the  straight,  all  making  a  front  wheel  side  slip  in  the 
direction  of  the  length  of  the  car,  with  the  wheels 
locked  hard  over,  clearly  proving  the  necessity  for 
having  both  front  and  back  wheels  fitted  with  a  non- 
slipping  device  to  ensure  a  perfect  control  under 
extreme  conditions.  The  cars  were  then  run  over 
the  greasy  patch  and  the  brakes  applied  suddenly  ;  a 
considerable  variation  was  apparent  in  the  adhesion 
of  the  wheels  fitted  with  the  various  devices.  The 
cars  were  then  made  to  start  on  the  greasy  patch 
and  the  results  agreed  with  those  of  the  brake  test. 

Awards. 

Three  of  the  devices  under  trial  were  then  fitted  to 
the  front  wheels,  and  this  enabled  the  cars  to  make 
a  fairly  sharp  turn  on  the  grease.  All  the  tyres, 
tubes,  and  devices  were  then  examined  for  wear,  and 
the  results  of  the  examination  have  been  duly  taken 
into  consideration  in  framing  the  following  recom- 
mendations :  Prize  of  £i$o  and  gold  medal  to  M. 
L'Empereur  for  his  device  No.  12  ;  second  prize  of 
£100  and  silver  medal  to  the  Parsons  Non-Skid  Com- 
pany for  their  device  No.  14  ;  third  prize  of  ^50  and 
silver  medal  to  the  Civil  Service  Motor  and  Cycle 
Agency  for  their  billet  device  No.  15.  Silver  medal  and 
high  commendation  to  the  Wilkinson  Tyre  and  Tread 
Company  for  their  device  No.  8,  and  to  Mr.  Mark  Vivian 
for  his  device  No.  7.  Silver  medal  to  Mr.  H.  S.  H. 
Cavendish  for  his  device  No.  2.* 


*  The  various  devices  will  be  found  scheduled  in 
the  May  issue,  on  page  465. 


Although  the  Committee  have  recommended  the 
award  of  three  money  prizes  with  medals,  and  three 
other  medals,  they  do  not  consider  that  any  of  the 
devices  as  entered  for  the  competition  met  all  the 
requirements.  The  problem  is  a  difficult  one,  but 
more  has  been  done  towards  its  solution  by  some  of 
the  competitors  than  might  have  been  expected. 
Much,  however,  yet  remains  to  be  done  to  remove 
the  difficulties. of  application,  inconvenience,  or  even 
danger  attending  breakage  of  parts,  first  cost,  cost  of 
renewals,  inconvenience*  caused  by  the  necessity  for 
frequent  renewal  of  small  component  parts,  and  the 
absorption  of  power. 

The  Gordon- Bennett  Race. 

A  Frenchman  again,  a  new  type  of  French  car, 
phenomenal  speeds,  Imperial  German  approval  of 
motor  racing  openly  displayed  (of  the  Imperial  dis- 
appointment I  need  say  nothing),  and  qui  bono  ?  Such  are 
the  phrases  that  occur  most  rapidly  to  the  mind  of 
the  British  automobilist  in  reviewing  the  famous 
Gordon-Bennett  race.  Here  let  me  pause  to  record 
the  result: — 

1.  Thery,    Richard-Brazier   (France). 

2.  Jenatzy,   Mercedes   (Germany). 

3.  De  Caters,   Mercedes  (Germany). 

4.  Rougier,  Turcat-Mery  (France). 

5.  Braun,  Mrecedes  (Austria). 

6.  Sallaron,  Mors  (France). 

7.  Lancia,   Fiat   (Italy). 

8.  Girling,  Wolseley  (England). 

9.  Werner,  Mercedes  (Austria). 

The  race  was  happily  free  from  serious  accident, 
and  unquestionably  proved  an  exciting  and  stimulating 
spectacle,  but  it  is  gratifying  to  find  that  manufac- 
turers are  at  last  waking  up  to  the  fact  that  these 
speed  tests  are  not  remunerative,  and  must  sooner  or 
later  give  place  to  reliability  tests. 

The  1904  Motor-Bicycle. 

Dr.  J.  Barcroft  Anderson,  of  East  London,  South 
Africa,  writes  :  On  page  367  of  your  number  for  April 
last  you  quote  Mr.  B.  H.  Davies  on  motor-cycles.  He 
speaks  of  the  detachability  of  the  engine  as  being  the 
chief  desideratum,  but  a  practical  impossibility. 
Perhaps  you  will  allow  me  to  suggest  a  solution  of 
this  practical  impossibility  as  follows  :  Place  the 
engine  on  the  left  side  of  the  back  wheel  behind  the 
back  forks,  have  its  crank  shaft  carrying  a  small 
number  of  cogs  gearing  into  a  larger  cog  wheel  on  the 
left  side  of  the  rear  hub.  An  accumulator  or  oil  tank 
or  both  to  be  carried  on  the  right  side  of  the  hind 
wheel  to  counterbalance.  With  this  position  the  whole 
motor  part  could  be  so  constructed  as  to  be  removed 
from  the  cycle  like  a  luggage  carrier;  or  the  engine 
could  be  disconnected  by  a  lever  on  the  handle-bars, 
by  means  of  a  modification  of  the  Sturmey  and  Archer 
three-speed  change  gear  ;  or  it  could  be  disconnected 
by  sliding  the  cog  wheel  on  the  crank  shaft  to  disconnect 
withUhat  on  the  hub.  A  bicycle  such  as  describe.  I 
could  ,be"  built  without  the  use  of  parts  other  than  such 
as  are  already  on  the  market.  It  might  look  a  little 
clumsy  at  first,  but  not  more  so  than  a  bicycle  with  a 
bind  Luggage  carrier  well  loaded.  All  the  inter* 
frame  space  would  be  available  for  extra  carryiiif; 
capacity. 
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OPENINGS    FOR  TRADE    ABROAD. 


France— Indo-China. 

Tenders  are  invited  for  the  construction  of  a  hauling 
ship  at  the  port  of  Haiphong.  The  adjudication  will 
take  place  at  Haiphong,  two  days  after  the  arrival  of  the 
Messageries  Maritimes  mail-boat,  which  is  due  to  leave 
Marseilles  on  August  7th,  1904.  A  deposit  of  about 
£400  is  required  to  qualify  any  tender. 

Spain. 

H.M.  Consul-General  at  Bilbao  writes  :  There  are 
visible  signs  of  a  decided  increase  and  greater  energy 
in  agricultural  pursuits  and  labour  in  the  whole  of 
Spain,  and  it  would  not  be  surprising  to  see  a  general 
and  rapid  adoption  of  agricultural  machinery  taking 
place. 

Bulgaria. 

A  Bill  has  been  passed  by  the  Bulgarian  National 
Assembly  authorising  the  Government  to  inquire  into 
the  best  means  of  constructing  a  railway  across  the 
Balkans,  and  to  effect  a  loan  in  order  to  carry  out  this 
work. 

The  suggested  line,  starting  from  Tirnovo,  will  pass 
through  the  rich  coal  beds  of  Trewna,  and  effect  a 
junction  with  the  two  existing  railwavs  which  run 
parallel  with  the  Balkan  range,  either  at  Stara  Zagora 
or,  according  to  a  more  recent  scheme,  at  Nova  Zagora. 

Argentina. 

The  new  harbour  works  at  Rosario  are  to  be  con- 
structed it  a  cost  of  £2,320,000.  The  work  will 
include  all  up-to-date  accessories,  including  dredgers, 
repairing  plant,  construction  of  sheds  (goods  deposits), 
railway  plant,  weighing  bridges,  embankments,  level- 
ling, paving,  lighting  and  dredging  of  channel  in  the 
port. 

The  contract  will  last  for  'forty  years,  at  the  end  of 
which  period  the  entire  works  and  all  accessories  are 
to  be  handed  over  to  the  Government  in  good  con- 
dition. 

The  whole  works  are  to  be  completed  within  seven 
years  from  the  time  of  signing  the  contract. 

The  total  frontage  of  the  works  is  fixed  at  2^  miles, 
of  which  i£  miles  must  be  of  stone  and  1  mile  of  wood. 
The  channel  in  front  of  the  wharves  is  to  be  dredged 
so  as  to  give  a  breadth  of  half  a  mile,  with  a  depth  of 
23  ft.  at  low  water.  Reclaimed  land  is  to  be  filled  in 
and  levelled.  The  sand  banks  now  obstructing  part 
of  the  port  are  to  be  removed  by  dredging. 

Russia. 

It  is  proposed  to  equip  the  St.  Petersburg  street 
railways  with  electric  power,  thus  doing  away  with 
the  horse  cars.  For  this  purpose,  the  City  Council 
has  appointed'  a  commission  to  ascertain  and  report 
if  the  River  Wuoska  is  capable  of  -furnishing  enough 
motive  power. 

South  Africa. 

There  is  an  increasing  demand  for  traction  engines 
and    motor    wagons    in    South    Africa,    especially    in 


connection  with  the  mining  industrv.  Although  steam 
motors  will  always  be  in  great  demand,  the  advantages 
possessed  by  gas  and  oil  motors  are  generally  recog- 
nised, and  there  are  places  where  their  employment 
is  indispensable.  In  many  districts  the  only  available 
water  rapidly  incrustates,  rendering  the  use  of  steam 
boilers  undesirable.  In  these  places,  therefore,  gas  or 
oil  motors  will  have  to  be  resorted  to.  The  former  are 
likely  to  be  used  in  towns,  as  in  the  country  their 
advantages  would  be  neutralised  by  the  difficulty  of 
obtaining  gas. 

Transvaal . 

The  Johannesburg  Municipal  Council  is  prepared 
to  receive  tenders  for  insulated  cables  and  bare  over- 
head conductors  and  certain  accessories  in  connection 
with  the  Municipal  Tramways  and  electricity  supply 
for  Johannesburg.  General  conditions,  specification 
and  forms  of  tender  are  obtainable  at  the  offices  of 
the  Council's  Consulting  Engineers,  Messrs.  Mordey 
and  Dawbarn,  82,  Victoria  Street,  London,  S.W. 

Tenders  are  to  be  sent  in  by  Monday,  July  4th, 
1904. 

Natal. 

During  the  ensuing  session  Bills  will  be  introduced 
into  the  Natal  Parliament  to  empower  the  Governor 
of  the  Colony  to  make,  maintain,  and  equip  the  fol- 
lowing lines  of  railway,  viz.  : — 

1.  From  the  main  line  to  the  village  of  Weenen. 

2.  From  Howick  Station  to  the  village  of  Howick. 

3.  From  the  Umlaas  Road  Station  to  Mid-Illovo. 

4.  From  Ginginhlovu  Station  to  Eshowe. 

5.  From  Donnybrook  to  Underberg,  Ipolela. 

6.  From   Esperanza   Station   to   Stuartstown,    and 
thence  to  the  Natal-Cape  Line. 

Greece. 

The  mineral  resources  of  Greece  are  undergoing 
further  exploitation,  and  a  demand  will  probably  arise 
for  mining  plant  ;  this  would  necessitate  the  construc- 
tion of  light  railways  for  the  conveyance  of  the  mining 
plant  from  the  coast  and  of  the  minerals  from  the 
mines. 

Mexico. 

The  Mexican  Government  has  granted  a  concession 
to  the  Campania  Carbonifera  de  Monterrey,  for  the 
construction  and  working  for  a  term  of  99  years  of  two 
lines  of  railway  (standard  gauge)  in  the  State  of 
Coahuila,  one  connecting  the  Menor  coal  mines  with 
a  point  on  the  international  Mexican  Railway,  and 
the  other  connecting  these  mines  with  the  town  of 
Muzkuiz. 

Servia. 

The  Servian  Government  has  decided  on  the  con- 
struction of  two  narrow-gauge  railway  lines,  each 
about  112  miles  long,  from  Belgrade  to  Valjevo,  and 
from  Paratchin  to  Taetchar  respectively. 


AMERICAN    RESUME. 


By  Our  New  York  Correspondent. 


Sidelights  on  the  American  Shipping  Question. 

The  question  of  what  can  be  done  to  revive  American 
shipping  has  produced  a  wide  divergence  of  opinion, 
and  incidentally  the  efficiency  of  the  British  mechanic 
has  been  thrown  into  relief. 

C.  B.  Orcutt,  President  of  the  Newport  News  Ship- 
building Company,  created  surprise  by  saying  that 
ships  can  be  built  in  England  for  75  per  cent,  less  than 
they  can  be  built  here.  "  You  surely  cannot  mean," 
said  Representative  McDermott,  "  that  a  ship  costing 
$400,000  here  can  be  built  in  England  for  $100,000  ?  " 
"  I  think  my  figures  are  right,"  was  the  reply.  Later 
his  estimate  was  from  75  per  cent,  to  40  or  50  per  cent. 

Lewis  Nixon  said  Americans  had  been  building  too 
good  ships  for  their  use.  The  English  tramp  is  built 
in  a  yard  which  builds  nothing  else.  "  We  cannot 
build  the  British  tramps,"  he  said,  "  because  there  is 
no  demand  for  them  here.  With  the  demand  for  such 
ships,  I  believe  we  will  rise  to  the  occasion  and  produce 
them."  Mr.  Nixon  said  he  favoured  differential 
duties,  which  would  make  a  demand  for  American  ships, 
because  through  differentials  even  foreigners  would 
be  induced  to  ship  goods  in  American  bottoms.  He 
opposed  subsidies  out  of  fear  that  they  would  violate 
democratic  doctrine  in   granting  favoured  privileges. 

Rear-Admiral  Bowles  said  the  only  advantage 
Americans  have  over  English  and  Scotch  builders  is 
in  wood,  of  which  little  is  used  in  cargo  carriers.  Steel 
plates  here  are  50  per  cent,  higher.  The  wages  here 
exceed  those  in  English  yards  by  from  30  to  60  per 
cent.  He  added  :  On  July  1st  of  last  year  I  made  a 
list  of  the  battleships  and  armoured  cruisers  building 
in  this  country  and  England.  To  my  surprise,  I  found 
that  the  cost  was  the  same  here  as  in  England.  Why  ? 
If  the  American  builder  bid  in  a  business  way  this 
would  have  been  impossible.  But  there  has  been 
cut-throat  competition  to  get  the  contracts  for  battle- 
ships. There  is  not  a  battleship  building  at  a  price 
which  the  builder  can  afford.  In  the  English  yards 
the  ships  are  built  at  the  same  price  as  in  the  navy 
yards. 

Electrical  Progress. 

In  the  report  of  the  Committee  on  Progress  at  the 
Twenty-seventh  Convention  of  the  National  Electric 
Light  Association,  the  figures  and  growth  of  the 
industry  were  shown,  and  the  power  plants  of  the 
lighting  and  railway  systems  of  the  country  were 
contrasted.  In  1002  the  dynamo  capacity  of  the 
street  railways  was  1,204,238  h.p.,  and  that  of  the 
lighting  plants  was  1,615,480  h.p.  German  and  English 
plants  average  larger  than  ours.  In  1903,  5  watts  of 
new  apparatus  was  installed  per  head  6i  population 
in  Spain  ;  in  Germany  7-5  watts  in  1902:  ;  12  watts 
per    head   in   England  in   1902-3  ;     and    if.  watts    in 
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the  United  States  of  America  in  1902.  Madrid  has 
66  watts  installed  per  inhabitant,  as  compared  with 
48  watts  in  Berlin.  The  profits  of  the  Spanish  stations 
run  high,  reaching  frequently  30  to  35  per  cent.  Details 
were  also  given  as  to  London  and  Paris,  the  price  per 
arc  in  the  latter  city  reaching  $240. 

The  Convention  was  attended  by  central  station 
men  from  some  200  towns  and  cities.  The  total 
attendance  reached  1,150. 

Opportunities  in  the  Electrical  Business. 

One  of  the  most  interesting  papers  read  before  the 
Western  Society  of  Engineers  in  recent  years  was  that 
contributed  by  Mr.  George  A.  Damon,  M.W.S.E.,  on 
the  above  subject.  In  order  to  clear  up  certain  points 
as  to  the  method  of  training,  and  the  most  successful 
plan  for  an  embryo  electrical  engineer  to  pursue,  the 
author  sent  a  letter  of  inquiry  to  one  hundred  of  the 
leading  men  in  Chicago  engaged  in  the  various  branches 
of  the  electrical  industry.  An  opportunity  was  given 
at  the  same  time  for  the  expression  of  opinion  on 
various  questions  pertinent  to  the  general  subject. 
The  response  to  the  circular  letter  was  hearty  and 
spontaneous. 

Ages  and  Salaries. 

Young  men  control  the  business.  The  inquiry  was, 
therefore,  confined  to  men  between  the  ages  of  27  and 
45,  upon  the  theory  that  the  older  men  are  the  product 
of  a  set  of  conditions  which  have  passed  away,  while 
the  youngest  men  are,  as  a  rule,  still  engaged  in  a 
period  of  preparation.  The  average  age  is  33-J^  years. 
The  hundred  men  were  divided  into  groups  as  follows  : — 


Salesmen 

Sales  Managers 

Business  Men 

Sales  Engineers 

Electrical  Engineers   . . 

Constructing   Engineers 

Electrical  Experts 
[    Operating  Engineers   . . 

Operating  Managers  and 
Superintendents 

Professors  and   Editors 
•Patent  Attorneys 

Consulting  Engineers.. 

Total  number  of  men,  100. 
33i  years  ;    Income,  $3,440. 

Classified  in  reference  to  incomes,  the  record  is  as 
follows  : — 

Men 

Income  over  $10,000  per  year         . .  . .  5 

Income  between  $5,000  and  $10,000  .  .  9 

Income  between  $2,400  and  $5,000  ..  66 
Income  below  $2,400 

Total . .        100 


Average 

Average 

No.  of  Men. 

Age. 

Income. 

7 

33 

$2,400 

11 

36 

3-400 

10 

36 

4,800 

8 

35 

2.350 

16 

33 

2,800 

6 

33 

2,850 

8 

33 

3,200 

3 

32 

2,250 

10 

34 

3.550 

8 

34 

2,500 

4 

32 

4,000 

9 

40 

6,400 

General  Averages  :   age, 
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Points  that  Pay. 

An  effort  was  made  to  make  the  list  representative, 
and  the  men  were  selected  on  account  of  their  positions 
without  reference  to  their  incomes.  It  was  shown  that 
salesmen  who  have  technical  ability  or  possess  engineer- 
ing information,  as  a  rule,  get  better  salaries  than 
those  who  do  not.  Add  initiative  and  executive 
ability  to  the  salesman's  ability,  and  he  becomes  a 
sales  manager  with  a  still  greater  reward.  Enterprise 
and  energy  put  the  man  in  possession  of  his  own 
business,  or  often  result  in  a  partnership  arrangement. 
A  technical  man  without  the  commercial  instinct  is 
-only  fairly  well  paid.  Ability  to  develop  new  methods 
or  apparatus  puts  him  in  the  expert  class  where  the 
Tewards  are  greater  and  in  proportion  to  his  ability. 
Routine  work,  such  as  operating,  is  the  least  remu- 
nerative work  of  all.  Operating  managers  and  super- 
intendents, however,  are  very  well  paid. 

The  phenomenal  development  along  all  electrical 
lines,  and  particularly  in  the  telephone  business,  makes 
the  profession  of  patent  attorney  a  paying  one  for 
those  who  are  qualified  for  that  kind  of  work.  The 
field  of  consulting  electrical  engineering  looks  attractive, 
but  it  will  be  noted  that  the  average  age  is  greater  in 
this  branch  than  in  the  others,  which  means  that  the 
successful  consulting  engineer  brings  to  his  work  years 
of  experience,  and  that  it  is  therefore  not  a  branch  to 
be  adopted  at  once  by  the  young  man. 

Forty  per  cent,  of  the  men  in  the  list  are  employed 
by  what  might  be  termed  the  "  large  "  companies,  such 
as  the  Western  Electric,  Chicago  Edison,  Chicago 
Telephone  Company,  etc.  Thirty-five  per  cent,  of  the 
men  either  control  the  business  in  which  they  are 
engaged  or  own  a  partnership  interest.  Twenty-five 
per  cent,  of  the  men  are  not  college  graduates.  Twenty 
per  cent,  of  this  hundred  successful  men  never  had  any 
■college  education  whatever.  The  average  age  of  the 
twenty  men  who  are  succeeding  without  a  college 
education  is  36  years,  and  their  success  measured  by  a 
monetary  standard  shows  an  income  of  $3,670  per  year. 

Training. 

The  answers  to  the  questions  upon  which  an  expres- 
sion of  opinion  was  asked  resulted  as  follows  : — 

Eighty  per  cent,  are  inclined  to  think  that  a  college 
education  is  essential  to  the  highest  success.  Seventv 
per  cent,  are  in  favour  of  the  technical  graduate  taking 
a  shop  course  in  a  large  manufacturing  company,  but 
many  wished  to  limit  this  course  to  one  year.  Fiftv-five 
per  cent,  are  of  the  opinion  that  in  choosing  a  fife 
-work  better  chances  for  advancement  will  be  found  with 
the  smaller  companies.  Seventy  per  cent,  are  in  favour 
of  requiring  a  year's  practical  work  of  the  student 
before  gradual  on.  Fifty-five  per  cent,  agree  that  the 
larger  compares  would  be  consulting  the  interest  of 
the  art  at  large  by  offering  an  apprentice  course  open 
to  students  during  an  intermission  of  one  or  two  vears 
before  completing  the  senior  year. 

Opportunities. 

Each  of  the  hundred  men  included  in  the  inquiry 
^vere  asked  to  name  the  three  fields  which  he  considered 


most  promising  within  the  immediate  future,  and  the 
votes   received   are   as   follows  : — 

Electric  Railway  Work  .  .  . .  63 

Telephony  . .  . .  . .  .  .  36 

Transmission        .  .  .  .  .  .  .  .  30 

Electro-Chemistry  .  .  . .  29 

Power  Applications 

Lighting  Developments 

Manufacturing      .  .  . .  .  .  . .  11 

Central  Station  Work  . .  .  .  .  .  9 

Patent  Law         .  .  .  .  .  .  . .  6 

Consulting  Engineering  . .  . .  6 

Contracting 

Management  of  Properties 
Storage  Batteries 
Reconstruction  of  Plants 
Mining 
Metallurgy 
Turbines 

Wireless  Telegraphy,  Designing,  High 
Speed  Telegraphy,  Underground  Con- 
duit Construction,  Isolated  Plants, 
Train  Lighting  and  Municipal  Light- 
ing        . .  . .  .  .  each  1 

As  a  result  of  personal  observation,  tempered  some- 
what by  the  opinions  of  the  electrical  men,  with  whom 
the  questions  have  been  discussed,  the  author  presents 
the  following  conclusions  : — 

Value  of  a  College  Education. 

A  young  man  wishing  to  succeed  in  any  branch  of 
electrical  industries  makes  a  serious  mistake  if  he  fails 
to  use  every  effort  to  obtain  a  technical  education.  A 
college  course  is  becoming  easier  to  obtain,  and  it  is 
already  recognised  as  a  general  requirement  for  advance- 
ment. A  young  man  of  high  aspirations,  who  is  so 
situated  that  he  cannot  secure  a  university  course, 
might  better,  nine  times  out  of  ten,  take  up  some  other 
branch  of  work  which  is  less  intricate  than  the  electrical 
art.  Thomas  Edison,  the  Dean  of  the  profession,  is 
not  a  college  man,  but  a  gold  medal  bearing  his  name 
is  to  be  given  hereafter  each  year  to  the  college  graduate 
presenting  the  best  thesis,  and  this  incident  is  the  best 
evidence  of  the  present  tendency  toward  technical 
education.  Nearly  every  man  who  is  now  making  his 
way  in  the  electrical  business  without  a  college  training, 
if  asked  what  he  would  do  if  he  had  his  life  to  live 
over  will  say  :  "I  would  secure  a  technical  course  in 
the  best  college  I  could  find." 

Considerable  attention  is  being  given  to  develop  the 
best  technical  course,  but  a  college  training  is  less  than 
half  of  an  education.  What  constitutes  the  other  half 
is  a  big  problem  waiting  for  a  comprehensive  answer. 

At  the  same  time,  the  author  emphasises  the  necessity 
of  practical  experience.  Considerable  attention,  he 
says,  is  being  given  to  develop  the  best  technical  course, 
but  a  college  training  is  less  than  half  of  an  education. 
What  constitutes  the  other  half  is  a  big  problem  waiting 
for  a  comprehensive  answer.  The  trouble  with  a  great 
many  young  men  is  that  they  don't  "  find  "  themselves 
early  enough  in  life.  They  fail  to  realise  the  possibi- 
lities and  are  not  prepared  to  grasp  their  opportunities. 
Ambition,  aptitude,  preparation  and  hard  work  are 
the  stepping-stones  to  successful  attainment. 


SOUTH    AFRICAN   RESUME. 

By  Our  Johannesburg  Correspondent. 


Railway  Problems  in  South  Africa. 

The  report  of  the  working  and  maintenance  of  the 
Cape  Government  Railways  for  the  year  1903  is  an 
interesting  document  of  160  pages,  giving  an  instructive 
insight  into  the  exceptional  difficulties  encountered, 
and  inter  alia  showing  the  far-reaching  effect  of  the 
prolonged  drought,  and  is  accompanied  by  a  number 
of  diagrams,  and  a  railway  map  with  the  routes  printed 
in  colours,  a  reproduction  of  which  will  be  found  on 
the  opposite  page. 

Accounts. 

The  capital  entitled  to  a  full  year's  interest  for  1903 

amounted    to  £24,945,974,  as   against  £23,154,083   in 
1902. 

Financial    Results. 

Total  Earnings.  1903.              1902. 

Passengers  and  Parcels  ..  £1,631,001  £1,375,291 

Goods  and  Minerals      ..  ..      3, 299^38     3,525,543 

Vehicles,  horses  and  dogs  „.           68,613          93-754 

Livestock             ..          ..  ..         127,069          99,136 

Mails         30-724  34,557 

Telegraphs,  rents  and  miscel- 
laneous             ..          ..          ..  61,213  49,585 

Cartage     ..          ..           ..           ..  105,083  86,155 

Hire      of     Rolling      Stock     by 

Foreign  Lines..           ..          ..  6,427  27,606 


£5,329,868  £5,291,627 


Total  Expenditure 

Credit  balance  after  paying 
working  expenses 

(Decrease,  £705,091) 

Deduct  Treasury  interest 
charged  on  Capital  Expen- 
diture at  £3  16s.  per  cent, 
for  1903,  on  £24,945,974, 
and   for   1902   on  £23,154,083 

Balance  +  or  —  after  payment 
of  working   expenses   and 
interest  on  Capital    . .  . .    - 


£4,522,590  £3,779-256 
£807,278  £1,512,371 


947,947         879,855 


-£140,669  +  £632,516 


The  net  Earnings  per  cent,  on  Capital 
entitled  to  a  full  year's  interest  for  1903 
amount  to   .  .  . .  .  .  . .  ••£349 

and  for  1902  to  . .  .  .  .  .  . .        6  10     8 


or  a  decreased  percentage  as  compared  with 
1902,  of         . .     ' £3 


5   " 


The  expansion  of  trade  generally  within  the  Colony 
is  the  most  satisfactory  feature  in  the  Revenue  State- 
ment, and  although  the  earnings  may  not  give  such  a 
good  result  when  reduced  to  net  profit,  it  shows  clearly 
that  the  railways  are  fulfilling  the  purposes  for  which 
they  were  projected,  viz.,  developing  the  resources  of 
the  country  and  minimising  the  losses  which  are 
ncurred  by  constantly  recurring  droughts. 

Once  the  additional  labour  supply  in  the  Transvaal 
is  provided  for,  the  general  manager  anticipates  that 
within  a  limited  period  trade  will  increase  rapidly,  so 


that  it  is  advisable  to  continue  the  policy  at  present 
obtaining  of  placing  the  rolling  stock  in  thorough 
repair,  and  of  improving  the  main  lines  by  regrading 
and  relaying  with  the  heavy  type  of  permanent  way. 

Prospective  Economies. 

With  a  falling  revenue  and  a  further  increase  of 
capital  on  account  of  new  lines  now  under  construction, 
which  are  not  at  first  expected  to  pay  working  expenses, 
the  strictest  economy  will  be  required  to  make  both 
ends  meet,  and  steps  have  already  been  taken  to  a 
certain  extent  to  reduce  expenditure  ;  but,  much  as  it 
is  to  be  regretted,  I  fear  measures  will  have  to  be 
adopted  to  ensure  this  by  curtailing  the  passenger^ 
train  service  where  it  has  been  increased  beyond  what 
is  now  warranted,  and,  following  the  course  adopted 
elsewhere  under  similar  circumstances,  by  limiting  the 
time  to  be  worked  by  a  considerable  portion  of  the 
staff,  and  not  replacing  men  who  fall  out  in  the  ordinary 
course,  when  this  can  be  done  without  impairing  the 
efficiency  of  the  service. 

Alternatives  are  (1)  withdrawal  of  the  8£  per  cent, 
temporary  increase  granted  to  daily  paid  employees  ; 
(2)  shortening  hands.  If  the  railway  receipts  do  not 
improve  it  may  become  necessary  to  adopt  both 
alternatives,  viz.,  the  shortening  of  hands  and  with- 
drawal of  the  8£  per  cent.,  otherwise  rates  must  be 
raised  so  that  the  revenue  be  increased,  and  in  this 
connection  a  beginning  should  be  made  on  the  fares 
on  all  the  suburban  lines. 

Rolling  Stock. 

As  anticipated  in  the  last  annual  report,  the  depart- 
ment is  now  capable  of  meeting  all  traffic  demands 
without  further  additions  to  the  stock  of  either  engines 
or  trucks,  but  in  view  of  the  opening  up  of  the  new- 
lines  and  the  anticipated  revival  of  trade,  further 
orders  will  have  to  be  placed  when  the  circumstances 
warrant  it.  Composite  saloons  and  native  coaches  are 
at  present  most  required. 

Fifty-five  saloons  and  carriages  were  erected  and  put 
into  traffic  during  1903,  and  there  are  still  74  under 
erection  and  on  order. 

The  following  table  shows  the  number  and  aggregate 
haulage  capacity  of  engines,  and  the  number  and 
aggregate  carrying  capacity  of  trucks  in  traffic  on 
March  1st,  1904,  compared  with  March  1st,  1903, 
excluding  engines  of  a  lower  capacity  than  sixth 
class  : — 

Engines — 6th,  7TH,  and  8th  Classes. 

Capable  of  Haulage 

hauling  on  a         per  cent. 


1  in  40  gra- 

increase 

dient. 

over. 

Number; 

Tons. 

K.I03- 

i  st  March,  1903 

369 

-29 



1st  March,  1904 

420 

86,410 

1 8  00 

( )n      completion 

of 

orders 

443 

91,926 

25-53 
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ist  March,  1903 
1  st  March,  1904 
On     completion 
orders 


of 


Trucks. 

Number. 
10,492 
11,936 

I2,2l6 


Capacity 

Carrying 

per  cent. 

capacity. 

increase  over 

Tons. 

1903. 

106,821 



129,919 

21*62 

133,819      25-27 


Water  Supply. 

Owing  to  the  deplorable  drought  which  prevailed 
through  the  greater  part  of  the  Colony  throughout 
the  year,  and  the  consequent  unsatisfactory  water 
supply,  both  as  regards  quantity  and  quality,  over 
£100,000  was  expended  in  connection  with  the  running 
of  water  trains,  and  the  expenditure  was  increased 
by  an  unknown  sum  incurred  on  account  of  delays 
through  the  breaking  down  of  the  engines,  caused  by 
the  action  on  the  boiler  tubes  by  the  use  of  unsuitable 
water,  and  it  is  a  cause  of  great  regret  that  this  large 
sum  should  have  been  practically  wasted  on  work 
giving  no  permanent  reproductive  result.  As  oppor- 
tunities have  presented  themselves  advantage  has  been 
taken  of  purchasing  water  rights,  and  although  in  some 
cases  at  an  apparently  high  figure,  the  drought  through 
which  we  have  just  passed  justified  the  expenditure. 

A  fair  amount  of  success  has  attended  the  efforts  of 
the  department  to  secure  an  adequate  supply  of  good 
water  by  boring,  but  large  sums  of  money  will  still 
have  to  be  continued  to  be  spent  on  the  improvement 
of  the  supply,  both  by  acquisition  of  rights  and  by 
boring,  before  the  position  can  be  considered  reason- 
ably safe. 

Signalling. 

Tyer's  Tablet  Instruments  are  now  in  working  on 
thirty-three  sections  of  the  line,  and  others  are  now 
being  installed.  The  working  of  these  instruments  is 
most  satisfactory,  and  as  the  time  taken  in  arranging 
crossings  by  telegram  is  very  considerable,  I  propose, 
on  account  of  both  safety  and  economy  of  time,  to 
push  forward  with  the  fixing  up  of  these  instruments 
on  stations  on  the  main  line  where  the  traffic  is  of 
such  a  volume  as  to  warrant  it. 

New  Lines. 

The  following  summary  is  given  of  the  new  railways 
opened   for  public  traffic  : —  Miles.    Chns. 

Kalabas  Kraal — Hopefield  (2  ft.  gauge). .      46         79 
Opened       for      public      traffic      on 
February    28th,    1903. 
Cookhouse — Bedford  (3  ft.  6  in.  gauge)..      24         -jy 

Opened  March  2nd,    1903. 
Willowmore — Uniondale  Road  (3  ft.  6  in. 

gaage)       ...  _  ..  ..  -     36         73 

Opened  April  15th,   1903. 
Uniondale  Road — Vlaakteplaats  (3  ft.  6in. 

gauge) 23  18 

Opened  August   ist,   1903. 
Vlaakteplaats — Le  Roux  (3  ft.  6in.  gauge)      15  38 

Opened  December  14th,   1903. 
Bedford  to  Adelaide  (3  ft.  6  in.  gauge)      ..17  55 

Opened  December  14th,   1903. 
King   William's   Town    to   Middle    Drift 

(3  ft.  6  in.  gauge)  33  o 

Opened  December  14th,  1903  

Total         _  198         20 


Lines  under  Construction. 

The  following  statement  shows  the  lines  of  railway 
under  construction,  their  length,  and  the  distances  over 
which   rails   have   been   laid,    up    to    December    31st, 

1903  :— 

Distance 
over  which 
Length  of  rails  have 

Gauge.  line.  been  laid. 

Ft.    In.  Miles.  Chns     Miles.  Chns 

Paarl — French  Hoek       36  17     00         17     00 

Victoria  West  Road 

— Carnarvon        . .        36  86     40         20     40 

DeAar — Prieska     ..        36         in     00         35     38 

Somerset  East — King 

William's  Town  . .        3     6         151      51        142       9 

Klipplaat   —    Oudt- 

shoorn       ..  ..        36         156     00       154     10 

Port         Elizabeth — 

Avontuur  . .        20         178     00         38     24 

Amabele  —  Butter- 
worth        . .       '  . .        36  78     00         22     30 

Indwe  —  Maclear  . .        36         107     00  19     75 

Aliwal  North  -  -    (  2     6    j 


Gairtney  . .     \    or  47     00  Nil. 

20) 
Mossel     Bay — Oudt- 

shoorn      . .  . .       36  7 1     40         15     26 


Total 


1,003     51       465     12 


Ceres  Road — Ceres.  10  m.  20  c.  Construction  not 
yet  commenced. 

This,  says  the  General  Manager,  in  itself  is  a  suffi- 
ciently large  railway  programme  to  give  employment 
to  the  Construction  Department  for  a  couple  of  years, 
say  at  a  rate  of  completion  of  one  mile  per  day,  and  in 
my  opinion  it  is  advisable  that  the  question  of  railway 
extension  should  be  carefully  considered. 

Natal  Government  Railways. 

The  report  of  the  General  Manager  of  Railways  in 
Natal  shows  that  the  total  revenue  for  the  year  amounted 
to  £2,561,551  10s.  5d.,  as  against  £2,046,116  6s.  6d. 
for  the  year  1902 — an  increase  of  25-19  per  cent,  in 
comparison  with  the  previous  year,  although  on  the 
ist  July,  1903,  a  reduction  took  place  in  the  goods 
rates  and  passenger  fares  amounting  to  the  sum  of 
£100,000  per  annum,  calculated  upon  the  tonnage  then 
offering.  At  the  end  of  the  year  there  were  open  for 
traffic  762  miles,  new  lines  to  the  extent  of  105  miles 
having  been  opened  during  the  year,  represented  by 
the  following  extensions  of  the  branch  lines  :  Zulu- 
land  Railway,  Umhlatuzi  to  Somkele,  53^  miles  ; 
Buffalo-Vryheid  Railway,  Talana  to  Vryheid,  51J 
miles.  The  only  extension  now  under  way  is  that  of 
the  Natal-Cape  line,  95  miles  of  which  have  been 
placed  in  the  hands  of  contractors.  The  past  winter 
season  has  accentuated  water  difficulties  to  an  un- 
paralleled degree,  and  it  was  necessary  to  resort  to 
the  running  of  water  between  Stations  to  a  greater 
extent  than  at  any  past  period  of  the  department'! 
history. 
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Germany  as  a  Market  for  Novelties 

According  to  a  recent  Consular  report  there  is,  in 
Germany,  a  quick,  eager  market  for  novelties,  for 
practically  every  new  thing,  be  it  a  machine,  a  new  lamp, 
or  motor,  or  fixture  of  any  kind  that  is  inherently 
original  and  superior  and  will  do  its  work  cheaper  or 
better  than  anything  of  the  same  kind  now  in  use. 
As  examples  of  the  kinds  of  machine  tools  that  are 
wanted,  may  be  cited  the  following  that  have  been 
recently  inquired  for  :  a  full  equipment  for  making 
small  tubs  for  butter,  lard,  and  other  oleaginous  pro- 
ducts ;  a  machine  for  cutting  a  spiral  peel  or  veneer 
from  round  logs,  which  is  used  for  making  small  boxes 
and  baskets  :  and  bending  machines  for  shafts,  fellies, 
and  other  parts  of  vehicles.  With  the  exception  of 
certain  special  manufactures — typewriters,  sewing 
machines,  graphophones,  phonographs,  cash  registers, 
mechanical  musical  instruments,  dental  supplies, 
office  furniture,  etc.  Ihe  German  market  is  narrow- 
ing  and  growing  more  difficult  year  by  year. 

German  and  English  Gothenburg  University. 

The  Board  of  Directors  of  the  Gothenburg  University 
has  received  the  information  that  Mr.  Andrew  Carnegie 
has  made  a  donation  of  ^10,000  to  the  University. 

The  donation,  savs  "  Affarsvarlden,"  is  intended  for 
a  professorship  in  the  English  language.  There  was 
fonnerlv  one  professor  of  English  and  German,  but, 
the  Riksdag  having  decided  that  the  teaching  of  these 
two  subject s  is  henceforth  to  be  separated,  there  is  now- 
only  a  professor  of  German  at  the  Gothenburg  Univer- 
sity. 

Nothing  has  been  published  as  to  the  reason  which 
prompted  Mr.  Carnegie  to  this  act  of  generosity.  It  may 
be,  that  he  feels  a  special  interest  for  Gothenburg, 
where  members  of  his  family — though  distant  relations, 
yet  bearing  his  name — have  been  active,  developed 
a  livelv  industrv  and  acquired  a  fortune.  Those  rela- 
tions are  Mr.  George  Carnegie,  founder  of  the  well- 
known  firm  D.  Carnegie  and  Co.,  in  Gothenburg,  and 
Mr.  David  Carnegie,  later  on  head  of  the  firm  in  question. 

It  may  be  of  some  interest  to  recall  some  dates  about 
those  two  Carnegies,  who  occupy  a  prominent  part  in 
the  Swedish  commercial  and  industrial  world.  George 
Carnegie  was  born  in  Scotland  and  came  to  Gothenburg 
in  1746.  Here  he  started  business  and  acquired, 
through  twenty  vears  of  commercial  activity,  a  certain 
fortune,  with  which  he  went  back  to  Scotland,  leaving 
his  business  in  Gothenburg  to  a  young  Scot,  Mr.  Thomas 
Erskine.  The  latter,  however,  soon  left  Gothenburg, 
and  his  business  was  taken  over  by  a  young  relation 
of  Mr.  George  Carnegie's,  called  David.  Under  the 
name  of  D.  Carnegie  and  Co.  the  firm  grew  quickly  and 
attained  a  considerable  importance,  while  it  steadily 
increased  the  fortune  of  the  Carnegie  family.  The 
concern  includes  porter  brewery  and  sugar  works. 

Mr.  David  Carnegie  lived  in  Gothenburg  until  1841, 
when  he  settled  in  Scotland. 

Tests  on  a  4,000  h  p    Steam  Turbine. 

In  connection  with  the  Dresden  Exhibition  of  German 
Civic  Life,  the  municipal  electricity  works  of  Frankfurt- 
on-Maine  published  some  tests  made  on  a  4,000  h.p. 
steam  turbine  (system  Brown-Boveri-Parsons),  which 
had  been  installed  in  one  of  their  central  stations. 
The  turbo-dynamo  is  designed  for  an  entering  pressure  of 
13  atmospheres  for  superheated  steam  at  300 ;  C,  giving 
outputs  as  high  as  2,600  kilowatts  at  a  pressure  of 
3,000  volts,  1,360  revolutions  per  minute,  and  an 
efficiency  of  oS  ;  it  is  16-5  metres  in  length,  2-5  metre 
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in  breadth,  and  25  metres  in  height.  All  the  parts  of 
the  steam  turbine  are  easily  accessible,  the  whole  of  the 
interior  becoming  visible  through  unscrewing  the  upper 
cvlinder  cover.  The  engine  is  of  very  easy  and 
simple  operation  and  superintendence,  only  fifteen 
minutes  being  necessary  to  preheat  the  turbine  cylinder 
from  the  cold  state.  The  regulation  of  the 
turbine  is  extremely  accurate,  the  steam  requiring 
to  traverse  the  turbine  only  a  fraction  of  a  second  so  as 
to  make  the  effect  of  controlling  on  the  only  inlet 
valve  felt  instantaneously.  Though  the  steam  enters 
by  jerks,  the  uniformity  in  the  working  of  the  engine 
is  most  remarkable.  The  turbo-alternator  works 
readily  in  parallel  with  other  alternators  operated  by 
reciprocating  engines,  the  more  so  as  the  rotating 
magnet  field  is  analogous  to  the  rotors  of  asychronous 
motors. 

The  following  table  records  some  experiments  made 
in  the  course  of  normal  operation,  the  figures  stated 
being  average  values  : — 

Steam     Temperature  Vacuum  Steam 

pressure       of  super-  Load  in  per  cent,  of      consumption 

before  heated  Kilo-  barometer  kg.yKW.- 

inlet  valve.       steam  watts.  reading.  hour. 

At.  °C. 

1263  298  1,945  93"2  7*20 

128  295  2,518  91-8  7-09 

106  2,995  9°'°  670 

According  to  the  contract  the  steam  consumption 
was  to  be  not  higher  than  7*2  kilogrammes  for  a  super- 
pressure  as  high  as  128  atmospheres,  a  superheat 
of  3001  C,  and  a  load  of  2,600  kilowatts.  From  the 
above  table  it  is  inferred  that  the  actual  steam  con- 
sumption is  much  below  these  figures,  showing  the 
steam  turbine  to  work  at  least  as  economically  as  the 
most  perfect  reciprocating  engines  of  the  same  size. 

Iron  and  Steel  Syndicate. 

The  recent  formation  of  the  German  Steel  Makers' 
Association  is  an  event  so  important  and  momentous 
in  its  consequences  as  to  require  more  than  a  passing 
notice.  For  a  number  of  years  past  the  German  iron 
and  steel  industry  has  been  organised  under  six  special 
groups,  viz.,  the  pig-iron,  the  ingot  and  steel- billet,  the 
drawn-wire,  the  girder,  the  plate,  and  wire-rod  syndi- 
cates, but  no  effort  had  hitherto  succeeded  in  uniting 
them  all  into  one  comprehensive  and  all-powerful  trust 
under  a  single  central  management.  Each  of  these 
syndicates,  and  even  some  individual  ironmasters, 
operated  independently,  with  the  result  that  during 
the  dull  and  depressed  period  since  1900  vast  quantities 
of  German  iron  and  steel  have  been  dumped  into 
foreign  markets — particularly  Great  Britain — at  prices 
which  were  often  below  the  net  cost  of  production. 
This  competition  between  German  makers  under- 
bidding each  other  in  their  foreign  trade  has  been  of 
great  advantage  to  many  consumers  of  steel  and  iron 
in  England,  France,  Belgium,  and  even  the  United 
States,  which  latter  country  has  taken  shipments  of 
special  qualities  adapted  to  the  manufacture  of  electrical 
machinery.  Whole  cargoes  of  rails  and  other  railway 
material  have  been  bought  in  Westphalia,  sent  as 
ballast  in  grain  ships  round  Cape  Horn,  and  used  by 
the  railways  that  terminate  on  the  north-western 
Pacific  coast.  For  obvious  reasons  this  dumping  police- 
has  worked  unfavourably  for  Germany,  since  foreign 
consumers  of  cheap  half-finished  materials  could 
undersell  with  their  finished  goods  the  German  manu- 
facturers who  had  to  pay  syndicate  prices  for  their 
supplies.  All  this,  says  the  American  Chamber  of 
Commerce  Bulletin,   is  now  to  be  changed. 
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Miners'  Scourges. 

The  Special  Inquiry  directed  by  the  Home  Secretary 
into  the  question  of  miners'  lung  disease  in  Cornwall 
has  shown  that  the  constant  inhalation  of  dust  is 
responsible  for  the  enormous  increase  in  the  death-rate 
among  Cornish  miners.  It  is  also  quite  clearly  brought 
out  that  the  high  death-rate  has  been  among  the  men 
who  have  worked  rock-drills,  the  predisposing  cause 
being  manifestly  the  inhalation  of  stone  dust.  Various 
methods  of  preventing  the  dust  from  reaching  the  lungs 
are  discussed,  and  it  is  shown  that  none  of  the  various 
inhalers  hitherto  introduced  can  be  relied  upon  for  the 
purpose.  It  is  recommended  that  the  use  of  rock-drills, 
without  satisfactory  precautions  to  prevent  the  men 
from  inhaling  the  dust  produced,  should  be  prohibited 
in  all  mines,  and  that  special  rules  should  be  established 
under  the  Metalliferous  Mines  Act,  by  the  managers  of 
every  metalliferous  mine,  subject  to  the  approval  of 
the  Secretary  of  State,  for  carrying  on  the  work  in 
such  a  manner  as  to  reduce  to  a  minimum  the 
inhalation  of  dust  by  the  various  classes  of  men  em- 
ployed. 

,  It  is  stated  that  the  dust  produced  by  rock-drills 
can  easily  be  prevented  by  even  a  very  small  water 
jet,  while  the  dust  from  blasting  can  at  once  be  laid 
by  a  powerful  jet  of  water  and  air,  and  can  in  any 
case  be  avoided.  The  inhalation  of  dust  produced  by 
blasting  on  the  stopes  can  also  be  avoided,  and  the 
dust  incidental  to  handling  the  ore  can  mostly  be 
prevented  by  keeping  the  workings  damp. 

Ankylostomiasis. 

Here  one  recalls  with  interest  the  discussion  on  the 
dreaded  miners'  worm  disease  at  the  recent  meeting 
of  the  Institution  of  Mining  Engineers. 

It  was  strongly  impressed  upon  the  members  that 
a  warm  damp  atmosphere  is  most  favourable  to  a 
spread  of  the  disease.  More  than  one  member  seemed 
in  doubt  as  to  the  value  of  stringent  sanitary  pre- 
cautions in  mines.  If,  in  order  to  avoid  miners' 
phthisis  the  workings  of  a  mine  must  be  kept  damp, 
it  becomes  more  than  ever  obvious  that  the  dangers 
of  I  ankylostomiasis  will  compel  the  adoption  of  im- 
proved sanitation. 

Miners'  Phthisis  Competition  Commission. 

In  Soutb  Africa  thelChamber  ol  Mines  Miners' 
Phthisis  Competition  Commission  has  issued  its 
Official  report.  There  were  In  all  229  competitors,  but 
many  ol   t he  suggestions   were  condemned   as  quite 

impracticable. 

CM  the  various  atomisers  submitted,  Mr.  Thomas  I . 
Britten's  is  considered  the  must  perfect  mechanically, 
and  therefore  the  most  useful  machine.     It  was  found 


to  lay  75  per  cent,  of  the  dust  in  the  drive  where  it 
was  tested  {vide  Dr.  Pakes'  report  of  April  23rd, 
1903),  and  would,  therefore,  probably  lay  a  like  per- 
centage during  blasting  and  shovelling.  It  can  be  used 
during  drilling  and  blasting,  and  also  whilst  shovelling 
is  being  done  in  drives  and  stopes.  It  further  possesses 
the  distinct  advantage  of  laying  the  nitrous  fumes 
contained  in  the  gases  after  blasting. 

If  a  little  lime  be  mixed  with  the  water  used,  a  por- 
tion of  the  carbonic  acid  resulting  from  blasting  would 
also  be  absorbed.  It  assists  local  ventilation  and  is 
simple  and  cheap  in  construction.  On  the  other  hand,  it 
involves  a  separate  mechanism, requiring  extra  attention 
which  causes  a  disinclination  on  the  part  of  the  miners 
to  use  it.  It  is  not  necessary  to  the  successful  running  of 
the  drill,  and  its  use,  therefore,  depends  on  the  goodwill 
of  the  miners.  The  latter  might  prefer  to  discard  it 
rather  than  bother  with  it.  It  involves  the  necessity 
of  working  in  a  supersaturated  atmosphere,  which 
disadvantage,  however,  is  a  negligible  quantity  if 
change  houses  are  used  by  the  men.  It  necessitates 
absolutely  a  supply  of  pure  water  underground  for 
use  with  the  atomiser,  and  therefore  some  system  of 
water  supply  in  the  mine  which  would  be  more  or 
less  costly.  The  judges  are  of  opinion  that  Mr.  Britten's 
atomiser  is  the  best  practical  device  that  has  been 
suggested,  and  therefore  award  it  the  first  prize  of 
^500  and  the  gold  medal. 

In  the  opinion  of  the  judges,  the  best  means  of  com- 
bating the  disease  would  be  the  use  in  drilling  of  a 
perfect  water  drill,  together  with  the  use  of  an  atomiser 
for  allaying  the  dust  and  gases  during  blasting  and 
shovelling. 

They  award  the  full  amount  of  the  second  prize, 
^250,  to  the  Leyner  Drill  as  being  the  best  device 
submitted  which  embodies  what  the  Committee  con- 
siders to  be  the  ideal  principle  in  actual  drilling, 
although  the  drill  in  its  present  state  is  not  considered 
sufficiently  perfected  to  enable  the  judges  to  recommend 
it  for  general  use. 

Origin  of  the  Commission. 

The  circumstances  which  led  to  the  appointment  of 
the  Commission  were  explained  by  Mr.  A.  R.  Goldring 
(London  Secretary  of  the  Transvaal  Chamber  oi  Mines) 
in  the  course  of  a  discussion  by  members  of 
the  Institution  of  Mining  and  Metallurgy,  following 
per  on  Miners'  Phthisis  by  Dr.  Haldane  and 
Mr.  K.  II.  Thomas.  Mr.  Goldring  remarked  that  it 
was  through  the  Transvaal  that  the  question  of  miners' 

phthisis  hail  come  into  prominence.     Out  there,  so  tar 

as  he  was  aware,  they  had  no  knowledge  of  the  di 

until  the  period  oj  the  war.      [hen  paragraphs  app 

in   the    English   papers,    which   were  received  out    there, 
Bhowing    that     men    who    had    worked    in    their    mines 
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had  come  back  home,  and  a  certain  number  of  them 
had  died  in  Cornwall  from  a  disease  which  it  was 
said  was  contracted  in  the  Transvaal  mines. 

The  matter  naturally  caused  the  very  gravest  concern. 
The  men  out  there  who  were  responsible  for  the  working 
of  the  mines  could  not  but  regard  the  matter  as  one  of 
the  highest  importance,  and  measures  were  immediately 
taken  to  endeavour  in  some  degree  to  cope  with  the 
danger.  Water  jets  and  sprays  were  both  tried  ;  various 
kinds  of  respirators  were  sent  to  the  Chamber  by  persons 
desirous  of  introducing  them  ;  they  were  sent  into  the 
mines  and  tried,  but,  as  Dr.  Haldane  had  remarked, 
it  was  very  difficult,  owing  to  the  discomfort  caused 
by  the  respirators,  to  get  the  men  to  use  them  ;  and 
as  a  matter  of  fact  they  did  not  come  into  use.  Having 
tried  various  experiments,  the  Chamber,  which  was 
the  representative  body  of  mine-owners,  desired  to 
get  the  best  information  that  it  was  possible  to  obtain 
for  dealing  with  the  disease,  and  in  October,  1902, 
they  proceeded  to  offer  prizes,  and  to  advertise  their 
proposals  for  suggestions  in  the  press  of  England, 
Australia,  the  United  States  of  America,  and  the 
Continent,  in  order  to  draw  suggestions  from  all  parts 
of  the  world. 

A  committee  of  judges  was  formed,  and  on  that 
committee  there  were  two  members  of  the  medical 
profession,  two  members  of  the  Mines  Managers' 
Association,  three  consulting  engineers,  two  mechanical 
engineers,  and  two  practical  rock  drill  miners — Dr. 
Pakes,  the  Government  bacteriologist,  being  sub- 
sequently added. 

In  course  of  time,  within  the  prescribed  time  limit, 
about  230  suggestions  were  sent  in,  some  of  them 
accompanied  by  models  of  apparatus.  The  Chamber 
placed  at  the  disposal  of  the  Committee  whatever 
means  they  might  require  to  test  the  apparatus  so  as 
to  get  at  the  best  means  for  allaying  the  dust,  it  having 
been  assumed  very  early  that  dust  was  the  determining 
cause  of  miners'  phthisis.  The  various  mining  com- 
panies gladly  afforded  the  necessary  facilities  for  making 
the  tests.  Further,  in  connection  with  deaths  on  the 
mines  from  lung  complaints,  the  Chamber  made  a 
grant  of  /i.ooo  towards  the  cost  of  a  thorough  investi- 
gation into  the  causes  of  pneumonia.  Subsequentlv  a 
Government  Commission  was  appointed. 

The  high  mortality  among  rock-drill  miners  who  had 
worked  in  the  Transvaal  mines  had  caused  very  great 
concern.  What  could  be  done  to  grapple  with  the 
danger  had  been  done,  and  any  means  which  human 
knowledge  or  human  ingenuity  could  suggest  would  be 
applied  by  the  men  who  were  responsible  for  the 
working  of  the  mines  of  the  Transvaal,  and  responsible 
in  the  hrst  and  highest  degree  for  the  safety  of  the 
men,   both  whites  and  natives,  in  their  emplov. 

Cinnabar-Bearing  Rocks  of  British  Columbia. 

Points  on  the  quicksilver-bearing  zone  of  British 
Columbia,  included  in  a  paper  by  Mr.  G.  F.  Monckton 
at  the  recent  meeting  of  the  Institution  of  Mining 
Engineers,  served  to  illustrate  the  many  difficulties 
encountered  in  this  form  of  mining. 

The  whole  country  bears  out  the  comprehensive 
description  of  the  puzzled  miner  who  said  that  it  was 


"  hove,  busted  and  swung  around,  and  then  hoisted 
and  broke  and  shook."  Mr.  Monckton  has  had  the  ad- 
vantage of  studying  this  district  intimately  after  some 
£15,000  had  been  spent  on  underground  work,  and  a 
considerable  sum  expended  on  cutting  trails  round  the 
steep  sides  of  the  hills,  which  exposed  many  rocks 
hitherto  invisible. 

It  is  pointed  out  that  the  cinnabar  always 
occurs  in  the  dolomite  near  porphyry;  thus  on  the 
Briar  mine  (Rosebush  of  Dr.  Dawson)  the  porphyry 
is  from  10  ft.  to  50  ft.  away  ;  on  a  chain  south  of  Kam- 
loops  Lake  it  is  on  the  contact ;  on  the  Toonkwa 
about  30  ft.  distant ;  on  Sabiston  Creek  it  occurs  in 
a  seam  of  dolomite  separated  from  the  main  bed  by  % 
porphyry.  At  one  point  on  Criss  Creek  it  is  only 
5  ft.  from  porphyry  ;  at  another  on  the  contact  ;  and 
in  a  third  case  is  in  a  narrow  seam  of  dolomite,  between 
porphyry  and  conglomerate.  This  would  tend  to  show 
that  the  deposition  of  the  cinnabar  was  due  to  the  heat 
generated  by  volcanic  action,  at  a  period  subsequent 
to  the  deposition  of  the  dolomite.  In  manv  cases, 
notably  at  Hardie  Mountain,  the  fissures  of  old  hot- 
springs  may  be  seen.  One  may,  therefore,  gather  that 
the  formation  of  these  deposits  took  place  over  a  long 
period  of  cooling,  subsequent  to  the  era  of  volcanic 
action  which  resulted  in  the  accumulation  of  5,000  ft. 
of  strata  in  the  Tertiary  period. 

More  work  has  been  done  on  the  propertv  owned  by 
the  British  Columbia  cinnabar  mines  at  the  mouth  of 
Copper  Creek  than  on  any  othe-.  About  /10.000  in 
all  has  been  expended  on  this  mine.  The  lirst  week 
resulted  in  the  extraction  of  about  150  tons,  from  which 
1 14  flasks,  worth  about  /900,  were  obtained.  The 
management  then  decided  to  mine  low-grade  ore  and 
to  treat  it  on  a  large  scale,  and  for  this  purpose  a 
25  tons  Grauza  coarse  ore  furnace  was  built.  Several 
hundred  tons  were  treated  in  this,  but  the  results  not 
being  satisfactory  the  works  were  closed  down  in  1897. 

Cinnabar  has  been  found  in  many  places  in  the 
district,  some  of  which  are  a  little  outside  the  main 
quicksilver-bearing  zone,  but  they  are  at  present 
of  no  importance,  although  its  occurrence  in  a 
bed  of  dolomite  north  of  Cherry  Creek,  10  miles 
east  of  Copper  Creek,  may  be  said  to  offer  possi- 
bilities of  other  large  deposits,  as  this  dolomite 
extends  many  miles  south  of  Kamloops  Lake.  The 
fact  that  the  higher  part  of  the  mountains  is  much 
covered  with  lava-flows  and  deep  surface  soil  is  a 
stumbling-block  to  the  prospector.  The  liberal  condi- 
tions of  British  Columbian  mining  laws  have  also 
militated  against  the  development  of  this  form  of 
mining,  as  they  have  enabled  parties  to  hold  large 
areas  without  working  them  in  hopes  of  selling  for  high 
prices.  This  hope,  however,  has  been  falsified  and  the 
only  holders  now  are  miners  who  are  slowly  developing 
their  properties.  There  is  plenty  of  room  in  the  dis- 
trict for  prospectors,  both  to  work  abandoned  claims 
and  to  search  for  new  croppings  of  ore.  It  mav  be 
said  that  the  area  of  the  dolomites  alone  which  are 
exposed  is  not  less  than  10  square  miles,  hardly  any 
of  which  has  been  tested.  The  great  need  of  the 
district  at  present  is  a  furnace  to  give  working  tests. 
The  only  alternative  is  to  ship  ore  to  Great  Britain, 
which  is  only  practicable  with  very  high  grade  ores. 


OUR   TECHNICAL   COLLEGES. 


By    Af  TECHNICAL   STUDENT. 


MORE  STUDENTS  WANTED  AT  CARDIFF. 

THE  Cardiff  Technical  Instruction  Committee 
recently  met  to  discuss  the  best  means  of  increas- 
ing the  number  of  students  at  the  classes.  Finally, 
it  was  decided  to  let  a  deputation  wait  upon  certain 
local  employers.  It  will  be  interesting,  in  view  of 
the  alleged  apathy  of  the  British  employer  in  matters 
connected  with  technical  education,  to  see  how  far 
this  experiment  is  attended  with  success. 

THE    ENGINEERING    FACULTY  OF  KING'S    COLLEGE, 
LONDON, 

At  the  forty-fourth  annual  dinner  of  King's  College, 
London,  Lord  Salisbury  presided  and  proposed  the  prin- 
cipal toast,  viz.  :  "  King's  College,  London.-'  In  the 
course  of  his  reply,  Dr.  Headlam  remarked  that  last  year 
a  great  deal  was  said  about  the  engineering  faculty. 
They  had  then  to  report  of  a  new  movement  to  enable 
students  to  spend  half  their  year  in  the  college  and  the 
other  half  in  works  practising  their  trade.  They  had  now 
worked  out  the  system,  which  had  begun  to  act.  This 
spring  a  considerable  number  of  students  who  had  been 
at  work  in  the  college  for  six  months  were  passed  on  for 
the  next  six  months  to  practical  work  in  various  places. 
How  far  the  experiment  would  be  successful  he  could  not 
say  ;  but  up  to  this  point  the  council  saw  no  reason  to 
change  the  opinion  which  they  then  formed,  and  they 
believed  the  experiment  would  be  of  the  greatest  value 
in  engineering  education.  Not  only  was  the  engineering 
faculty  nourishing,  but  the  size  of  the  electrical  engineer- 
ing faculty  had  been  doubled,  and  an  opportunity  for 
studying  motor  electricity  in  every  form — an  important 
branch  which  had  not  been  adequately  treated  in  London 
before — had  been  introduced.  Both  in  arts  and  in  science 
there  was  a  larger  number  than  they  had  had  for  many 
years  past  of  matriculated  students  going  through  the 
regular  course  of  the  London  University. 

DURHAM    COLLEGE  OF  SCIENCE    EXTENSION. 

The  extension  of  Durham  College  of  Science  is 
proceeding  apace,  and  will  soon  be  a  reality  in  stone 
and  red  brick.  It  includes  the  principal  wing  and 
elevation,  about  ioo  yards  in  length  towards  the 
Leazes,  and  an  examination  hall  and  lecture-room, 
70  ft.  by  50  ft.,  lighted  from  the  quadrangle.  The 
buildings  are  to  be  four  stories  in  height,  including  a 
central  tower  120  ft.  to  the  parapet,  which  encloses  the 
main  entrance,  opening  into  a  spacious  hall  23  ft.  in 
width.  On  the  right  of  the  main  entrance  is  the 
secretary's  room,  and  contiguous  thereto  are  the  clerks' 
office,  an  electrical  engineering  laboratory  and  a 
mining  laboratory.  Opposite  to  the  tower  entrance  is 
the  grand  staircase,  and.  beyond  it  a  large  examination 
hall  connected  with  the  corridors  on  three  sides.  On 
the  first  floor  is  a  library,  60  ft.  by  45  ft.,  lighted  on 
two  sides,  and  class-rooms  for  mathematics,  literature, 
naval  architecture,  etc.,  as  well  as  professors'  rooms. 
The  floors  are  of  fireproof  construction,  covered  with 
pitch-pine  flooring, and  the  dadoes  areol  oak.  pitch-pine, 
and  glazed  bricks,  Mr.  \v.  11.  ECnowles,  oi  Newcastle, 
is  the  architect,  the  contHU  t  amounting  to  £50,000. 


IRISH   TECHNICAL   SCHOOLS 

At  the  recent  Technical  Congress  held  in  Dublin, 
Mr.  L.  F.  O'Carroll,  B.A.,  Director  of  the  City  of 
Dublin  Technical  School,  read  a  paper  on  the  past 
and  future  of  technical  education  in  Dublin.  He  said 
that  Dublin  had  the  honour  of  being  the  pioneer  of 
technical  instruction  in  Ireland,  and  traced  the  progress- 
of  the  movement  from  the  Artisans'  Exhibition  in 
Dublin  in  1885  to  1901,  when  Mr.  Arnold  Graves^ 
resigned  his  place  on  the  committee,  after  fifteen  years r 
earnest  work.  Two  months  later  the  new  wing  in 
Kevin  Street  was  opened  for  classes,  and  although 
the  scheme  for  the  City  of  Dublin  had  not  been  finally 
approved  of,  the  actual  work  of  technical  education 
in  Dublin  had  been  continuous  and  vigorous. 

One  of  the  speakers  at  this  Congress,  Mr.  F.  C.  Forth , 
Principal  of  the  Belfast  Municipal  Technical  Institute, 
said  his  experience  was  that  the  pupils  coming  to  the 
technical  schools  were  most  inadequately  prepared  for 
technical  work.  They  had  not  the  fundamental  know- 
ledge which  would  enable  them  to  profit  by  the  instruc- 
tion given.  Consequently,  a  great  deal  of  work 
attempted  to  be  done  was  missing  its  mark,  and  the 
funds  available  were  to  some  extent  being  wasted. 
The  students  were  not  making  the  progress  they  ought 
to  do,  and  he  believed  that  was  fairly  general  all  over 
Ireland.  That  explained  why  their  science  and  art 
grant  was  so  low.  Their  students  had  not  risen  to  the 
level  attained  by  students  more  favourably  situated, 
and  they  could  not  earn  the  percentage  of  the  grant 
which  was  being  earned  elsewhere.  The  sum  of 
^3,000  earned  in  Ireland  was  ridiculously  small  for 
the  number  of  pupils.  If  they  had  an  ideal  system 
the  young  people  who  left  the  national  schools  would 
pass  into  a  lower  grade  of  the  technical  school,  then, 
perhaps,  to  a  somewhat  higher,  and  then  to  work* 
They  could  not  hope  for  that  yet,  because  the  pupils 
were  sent  to  work  directly  they  were  allowed  to  do  so 
on  leaving  the  national  schools. 

What  were  they  to  do  With  these  pupils  to  make 
sure  they  got  the  full  benefits  of  technical  education  ? 
Several  remedies  had  been  suggested.  Managers  of 
primary  schools  could  do  a  great  deal,  but  he  believed 
they  would  have  to  look  very  largely  to  the  employers 
throughout  Ireland  to  help  them.  If  employers  would 
only  make  some  stipulation  with  the  young  people  that 
they  should  attend  an  evening  technical  school  or  a 
continuation  school,  and  carry  out  their  education 
there,  it  would  greatly  assist  them,  and  he  thought  they 
would  be  on  the  right  road.  Employers  could  assist 
them  also  by  paying  a  portion  of  the  fees  of  the  pupils 
to  the  schools.  He  certainly  would  not  recommend  the 
paying  of  all  the  fees.  The  employers  could  also  assist 
ID  the  purchasing  of  books  and  instruments  necessary 
for  the  students'  work,  and  they  could  help  by  following 
up  the  progress  of  the  pupils'  work.  It  was  to  the 
material  interest  of  the  employers,  not  to  speak  of 
their  patriotic  feelings,  to  do  this,  and  he  hoped  they 
would  make  an  effort  in  the  direction  outlined. 


NOTABLE  BRITISH   PAPERS. 

A     Monthly   Review   of   the  leading   Papers  read   befcre   the  various  Engineering  and 
Technical   Institutions  of   Great   Britain. 


THE  FUTURE  OF  THE  SUBMARINE. 
"IV/TR.  ALLAN  H.  BURGOYXE,  who  recently 
■*■-*■  read  a  paper  on  "  The  Future  of  the 
Submarine  Boat,"  before  the  Royal  L'nited 
Service  Institution,  is  convinced  that  we  are 
on  the  eve  of  a  revolution  in  naval  construction, 
and  that  in  the  near  future  we  shall  hear  of 
submarines,  or,  rather,  "  submersibles,"  of 
thousands  of  tons.  He  sums  up  his  idea  of  the 
submarine  of  the  future,  as  follows  :  It  will 
be  of  large  tonnage,  the  displacement  being 
governed  by  the  extent  of  the  armament  and 
internal  fittings  :  of  good  speed,  at  least  twenty- 
five  knots  on  the  surface  ;  well  armed,  by  which 
I  imply  from  four  to  six  torpedo  tubes  and  an 
equal  number  of  small  quick-firers  :  well  pro- 
tected by  an  armoured  deck,  and,  lastly,  well 
provided  for  in  the  matter  of  safety  appliances, 
for  it  would  be  deplorable  if  the  officers  and 
men  who  devote  their  lives  to  submarine  navi- 
gation should  not  be  given  the  same  chances 
in  the  event  of  an  accident  as  their  fellows  of 
the  upper  sea  ;  and  it  is  due  to  the  nation  that 
the  future  policy  of  our  Admiralty  in  this  respect 
should  be  made  public.  In  the  course  of  his 
introductory  remarks  he  observes  that  all 
vessels  of  to-day  are  but  the  evolution  of  time, 
and  the  smaller  the  beginning  the  greater  the 
finality.  Already  it  is  hard  to  believe  that 
whereas  in  1S90  the  French  possessed  only  the 
Gymnote,  of  30  tons,  now,  fourteen  years  later, 
they  have  six  submersibles  of  no  less  than  422 
tons  on  the  stocks.  We  in  England  were  some- 
what tardy  in  our  adoption  of  this  novel  tvpe 
of  war  vessel,  and,  as  a  consequence,  are  not  only 
behind  several  other  Powers  in  numbers,  but  also 
in  efficiency.  Because  the  submarine  boat  does 
not  appeal  to  the  British  mind,  it  is  no  reason 
why  England  should  not  possess  them,  given,  of 
course,  an  efficient  type. 

THE    PERFECT    SUBMARINE. 

He  defines  the  perfect  submarine  for   naval 
purposes  as  follows  : — 

It  would  be  a  vessel  of  special  type,  the  shape  to 
be  determined  by  experiment,  but  with  no  specialitv 


of  form  essential,  capable  of  navigating  not  only  on 
the  surface,  as  an  ordinary  ship,  but  also  beneath  the 
surface  of  the  sea,  and  continuing  its  course  in  a  direct 
line  for  the  object  it  is  desired  to  reach,  whilst  retaining 
stability  in  even,-  sense,  and  being  under  the  complete 
control  of  its  commander ;  and  besides  conforming 
with  these  conditions  it  must  possess  the  maximum  of 
speed,  safety,  offensive  power  and  habitability,  a  trust- 
worthy means  of  propulsion,  and  a  complete  indepen- 
dence of  all  exterior  help  while  in  action. 

With  these  conditions  laid  down,  the  autho1" 
proceeds  to  divide  up  the  various  problems  of 
submarine  navigation  into  sections. 

FORM-THE    FINAL    PHASE    OF     THE    SYMMETRICAL 
SUBMARINES. 

In  the  Gynvv'te  we  have  a  form  which,  whilst 
possessed  of  little  longitudinal  stability,  represents  the 
maximum  of  resistance.  There  is  nothing  so  capable 
of  withstanding  enormous  outside  pressure  as  a  sphere, 
and  next  in  strength  comes  the  double-ended  cone. 
For  the  exploration  of  great  depths,  therefore,  the 
form  adopted  by  MM.  Gustave  Zede  and  Goubet 
presents  everv  advantage,  but  I  fail  to  see  the  value 
of  this  advantage,  if  such  it  be.  The  Goubet,  as 
we  know,  is  capable  of  withstanding  the  pressure  at 
a  depth  of  about  5,000  ft.,  or  very  nearly  a  mile  beneath 
the  surface ;  our  own  Holland  is  capable  of  navi- 
gating safely  at  150  ft.  The  difference  is  astounding  ; 
even  if  we  allow  the  Holland  a  margin  of  safety 
equal  to  850  ft.  (an  altogether  disproportionate  allow- 
ance), the  Goubet  is  yet  rive  times  as  capable  of 
withstanding  external  pressure  as  the  American  boat. 
The  value  of  this  immense  strength  is,  however,  not 
apparent,  and  there  is  little  doubt  but  that  any  advan- 
tage it  may  confer  is  negatived  by  the  lack  of  stability 
attached  to  this  form.  The  reason  of  this  is  easily 
comprehensible.  The  vessel  is  circular  in  section  from 
stem  to  stern,  and  is  balanced  as  a  beam  by  its  pre- 
ponderance of  weight  in  the  middle.  Now  this  all- 
round  equalitv  of  sections  renders  a  see-saw  motion 
in  the  longitudinal  sense  the  easiest  possible  thing, 
since  there  is  no  variation  of  resistance  at  any  point, 
and  differentiation  in  the  locality  and  distribution  of 
such  resistance  is  a  greater  step  towards  stability  than 
the  action  of  rudders  and  changeability  of  water 
ballast  can  ever  be.  Thus,  if  a  member  of  the  crew 
of  a  symmetrical  vessel  walks  forward  and  so  causes 
the  bows  to  dip,  the  resistance  of  the  water  to  the 
lower  contour  of  the  forward  part  of  the  hull  is  equal 
to  the  resistance  of  the  upper  part  of  the  stern  section, 
and  the  diving  angle  of  the  vessel  being  even  over  its 
whole  length  the  deviation  is  not  lightly  obviated,  and 
a  swing  motion  is  set  up  which,  besides  being  dangerou3 
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to  the  vessel  should  the  depth  of  water  in  which  she 
is  navigating  be  little,  is  decidedly  unpleasant  to 
the  crew,  whose  pluck,  and  hence  value,  would  soon 
disappear  under  the  prolonged  tension  of  essaying  to 
keep  their  craft  on  an  even  keel. 

The  Turkish  sailors  absolutely  refused  to  serve  on 
the  Abdul  Hamid  and  Abdul  Medjid  owing  to  their 
switchback-like  movements  when  submerged.  Of 
course  this  defect  in  stability  is  not  irremediable,  for 
on  the  Goubet  we  find  the  acme  of  stability,  and  yet 
she  is  of  the  symmetrical  form.  This  is  owing  to 
the  height  of  the  centre  of  buoyancy  and  the  size  of 
diameter  as  compared  to  the  length.  Thus  it  was  only 
natural  that  faults  which  were  prominent  in  the 
Gymnote  should  be  accentuated  in  the  Gustavc  Zi&l, 
a  vessel  of  far  greater  length  with  little  additional 
beam.  Therefore,  the  shorter  a  symmetrical-shaped 
vessel  is  as  compared  to  its  diameter,  the  nearer  does 
it  approach  a  sphere  weighted  at  the  bottom,  and  the 
greater  will  the  stability  be.  But  in  obtaining  this 
necessary  stability  the  fine  lines  essential  to  speed 
disappear,  and  speed  is  of  almost  as  much  importance 
as  evenness  of  route  when  submerged.  If  a  com- 
promise is  effected,  we  obtain  a  vessel  faster  than  the 
Goubet,  but  less  stable.  Such  a  boat  is  the  Gymnote, 
and  in  all  probability  the  Gymnote  represents  the 
final  phase  of   the  symmetrical  submarines. 

THE  NEAREST  APPROACH  TO  "  NATURE'S 
SUBMARINE." 

In  the  Holland  we  have  perhaps  the  nearest  approach 

to   nature's   submarine — the   fish — that  it   is   possible 

to    obtain.     The    heavy  forward    part    and    the    fine 

diminishing  tail  are  the  great  features  of  all  the  Holland 

craft.     This  form  is  so  stable  that  oscillation  is  entirely 

absent  when  submerged    especially  in  the  first    Holland 

designs,  which  are  short  and  stumpy.     For  although 

the   weight   is   unevenly   distributed,    the   equilibrium 

is  perfect,  owing  to  the  fact  that  in  the  bows,  which 

support  the  major  portion  of  the  weight,  the  buoyance 

is   greater,   and   can   thus   sustain   it,   whilst   towards 

the   stern    the    gradually   diminishing   surface   of    the 

hull   reduces   the   buoyant   power   and    thus   equalises 

the  pressure  evenly  over  the  whole  length  of  the  vessel. 

It  will  have  been  noticed  that  the  sharp  pointed  bow 

has  given  way  to  a  blunt  nose,  and  this  is  due  to  the 

same  reason  that  changed  the  form  of  the  stem  of  the 

Whitehead  torpedo  from  a  point  to  a  spherical  cone. 

It  was  found  by  experiment  with  models  in  a  tank 

that  the  sharp  nose,  strange  as  it  may  seem,  offered 

infinitely  greater  resistance  to  the  water  when  in  motion 

than  an  equal  ^sized   model  with  a  rounded,  blunt  nose. 

This  phenomenon  may  be  roughly  explained  as  being 

due  to  the  difference  of  Sow  oi   the  liquid   wave  of 

motion  when  caused   by   a  sharp  point   and   a   blunt 

nose;     thus,    if   a  Sharp    point    pierces    the    water,    the 

fluid  is  "forced"  on  either  side  and  strikes  out  at  an 

angle   awav    from    the    hull,    whilst    witli    a    blunt     and 

smooth  stem  the  water  "  glides  "  away    from  th«    imp*  I 

and    swirls   smoothly    "round    the    lines"    oi     the     hull 

instead  of  wasting  its  energy  on  the    ambient    water 


in  an  ineffectual  effort  to  compress  the  same.  This 
argument  does  not  apply  to  surface  vessels,  owing  to 
the  difference  between  "  surface  wave  resistance  "  and 
"  submerged  wave  resistance."  As  a  matter  of  fact, 
it  is  erroneous  to  say  "  submerged  wave  resistance," 
there  being  no  "  wave,"  but  for  want  of  a  better  term 
the  word  "  wave  "  will  stand  very  well  for  the  radia- 
ting lines  of  mo  ving_  fluid  displaced  by  a  submarine 
boat  in  motion.  On  passing  the  thickest  part  of  the 
boat,  which  is  about  a  third  of  the  length  from  the 
bows,  the  flowing  water,  rushing  sternwards  to  fill  the 
cavity  out  of  which  it  has  been  forced,  presses  tightly 
on  the  receding  lines  of  the  hull,  and  the  longer  the 
stern  "  run  "  (that  is,  from  the  greatest  section  to  the 
propeller)  is,  the  greater  is  the  length  of  time  that  this 
pressure  is  exerted  ;  the  velocity  of  the  backward 
flowing  current  is  likewise  augmented  increasingly  as  it 
reaches  the  end,  and  these  two  causes  (the  rapid  flow 
of  the  displaced  water  and  its  pressure  on  the  hull) 
help  the  forward  motion  of  the  boat  and  make  up 
almost  entirely  any  power  lost  through  resistance.  Of 
course,  it  would  be  foolish  to  say  that  the  ideal  shape 
had  already  been  discovered,  but  the  Holland  is  very 
nearly  all  that  can  be  desired.  An  ideal  submarine 
vessel  would  be  one  in  which  the  frictional  resist- 
ance was  completely  made  up  by  the  sternward 
pressure,  but  this  is  as  likely  of  attainment  as  universal 
peace. 

STABILITY. 

After  discussing  various  other  forms  of  sub- 
marines, the  author  remarks  that  : — 

The  stability  of  all  submarines  is  governed  by  their 
reserve  of  buoyancy  when  submerged,  for  it  must  be 
taken  as  an  axiom  "that  every  submarine  vessel  claiming 
to  be  successful  is  stable  in  its  surface  condition.  The 
relation  of  "  size  "  to  "  reserve  of  buoyancy  "  hardly 
needs  discussion,  for  obviously  where  a  vessel  of,  say, 
500  tons  can  have  a  "  reserve  "  of  40  tons,  one  of 
2  tons  could  scarcely  reserve  as  many  pounds.  Hence, 
whilst  the  movement  of  a  man  fore  or  aft  must  in  a 
smaller  boat  completely  destroy  the  equilibrium,  in  the 
larger  his  weight  would  be  so  small  a  part  of  the  "  re- 
serve buoyancy  "  (tending,  as  such  does,  in  all  cases  to 
preserve  an  even  keel)  that  the  movements  would  have 
a  scarcely  appreciable  effect.  This  point  of  view  applies 
solely  to  submarines,  thus  giving  to  submersible  vessels 
an  extra  reason  for  increasing  the  displacement,  in 
addition  to  all  those  leading  to  the  same  tendency  in 
surface  ships.  These,  roughly  speaking,  are  :  Increase 
oi  speed,  defensive  and  offensive  power,  seaworthiness, 
strength  of  structure,  and  radius  of  action.  I'o  obtain 
one  or  other  or  all  of  these  things,  each  ela>s  of  vessel 
represented  in  any  navy  in  the  world,  has.  following 
the  trend  of  modern  improvements,  gradually  been 
augmented  in  bulk.  .  .  .  With  the  .submarine, 
one  ot   the  causes  that    will  lead   to  its  being   Lnctf 

in  size  will  be  the  necessity  of  adding  to  the  very  in 
ment,   for  at   present  submersibles  are  the 

ed  warships  in  the  world.       In  answering  the  ques- 
tion :     "  What   direction   will   the  increase  ot   armament 
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take  ?  "  I  shall  make  a  statement  which  I  do  not 
expect  one  naval  man  in  a  thousand  to  uphold.  It 
is  this  :  The  submarine,  in  common  with  the  surface 
ship,  must  and  will  carry  guns. 

SPEED. 

It  is  pointed  out  that  another  reason  for 
increased  size  is  the  necessity -for  greater  engine 
power,  and  twin  propellers. 

There  is  no  reason  why  a  large  submersible  should 
not  have  a  surface  speed  of  twenty-six  or  even  thirty 
knots.  We  must  remember  that  the  Russian  Xorden- 
felt  submarine  steamed  at  over  twenty  knots  on  several 
occasions.  To  the  speed  under  water  I  attach  but 
small  importance  ;  to  the  armoured  and  armed  sub- 
mersible of  the  future  the  present  "  totally  submerged  " 
speed  of  seven  or  eight  nautical  miles  will  be  ample. 
All  the  quick  work  will  be  executed  on  the  surface 
after  the  manner  of  torpedo-boat  destroyers. 

ARMAMENT. 

Coming  to  the  question  of  armament,  the 
author  remarks  that  : — 

The  submersible  of,  say.  twenty-six  knots  will  be  able 
to  pursue  or  fly  from  any  battleship  or  cruiser,  but 
will  be  open  to  attack  by  surface  torpedo  craft  or  other 
submersibles.  The  reason  of  this  is  that  as  the  sub- 
mersible increases  in  size  so  will  the  time  required  for 
complete  submergence  become  longer.  Hence,  to  pro- 
tect itself  against  torpedo  boats  or  destroyers  during 
the  filling  of  tanks,  there  must  be  a  quick-firing  arma- 
ment, and  the  future  submersible  boat  will  carry  a 
battery  of  12-pounder  and  3-pounder  quick-firers,  much 
as  do  our  destroyers  to-day.  In  fact,  they  will  be 
destroyers,  but  capable  of  submergence,  "  fullv,"  if 
badly  pressed,  "  partly  "  for  entering  action,  and  thus 
presenting  as  small  a  target  as  possible.  Here  is  where 
the  armour  deck  is  required,  for  the  main  work  of  the 
submersible  being  on  the  surface,  her  exposed  parts 
must  necessarily  have  adequate  protection.  It  may 
be  asked  :  "  Then  why  not  armour  destroyers  ?  "  and 
the  reply  is  that  in  a  destroyer  the  full  side  would 
require  to  be  armoured  (and  more  heavily)  to  give  the 
same  protection  as  a  curved  armour  deck  in  a  sub- 
mersible which  is  flsating  practically  on  a  level  with 
the  surface. 

Whilst  increasing  the  armament  by  the  addition  of 
quick-firing  guns,  it  will  also  become  necessary  to 
augment  very  considerably  the  present  meagre  com- 
plement of  torpedo  tubes.  Obviously  a  submarine  with 
a  single  tube  must  always  remain  an  inferior  weapon 
except  for  harbour  defence. 

PREVENTION     OF     ACCIDENTS. 

The  following  suggestions  are  made  for  the 
safety  of  the  crews  employed  on  submarines  : — 

1.  Our  submarines  are  open  from  end  to  end,  and 
hence  a  single  breach  fills  the  whole  vessel.  They 
might  verv  easily  be  subdivided  into  seven  or  eight 


entirely  separate  compartments,  communication  be- 
tween these  being  obtained  by  means  of  automatic 
water-tight  doors,  all  capable  of  being  closed  from 
either  compartment. 

2.  A  detachable  safety  boat,  such  as  proposed  by 
Bourgois  and  Bran  in  1S62,  and  more  recently  by 
myself,  capable  of  holding  the  entire  crew  and  possessing 
sufficient  buoyancy  to  rise  when  detached  to  the 
surface,  could  easily  be  fitted.  This  should  have 
hatches  in  two  or  more  separate  compartments  to 
add  further  to  the  chances  of  escape  for.  the  crew. 

The  conning  tower  of  a  submarine  must  in  every 
case  project  from  the  deck  line  of  the  hull,  and  hence, 
when  submerged,  prove  a  source  of  danger,  as  the 
accident  to  Ai  has  recently  shown.  When  below 
the  surface  the  conning  tower  is  useless,  and  all  opera- 
tions connected  with  navigation  could  perfectly  well  be 
carried  on  within  the  hull  proper  of  the  submarine. 
This  being  the  case,  a  horizontal  sliding  steel  door 
might  be  fitted  level  with  the  deck,  which,  on  reaching 
the  depth  at  which  the  lid  of  the  submarine  became 
immersed,  automatically  shut  off  the  conning  tower 
from  the  interior,  thus,  in  case  of  a  leak  therein,  pre- 
venting a  rush  of  water  into  the  hull.  Further,  as  the 
displacement  of  submarines  increases,  the  conning  tower 
could  be  rendered  telescopic,  and  when  not  in  use 
lowered  to  the  level  of  the  deck. 

4.  All  our  submarines  are  of  positive  buoyancv— • 
that  is  to  say,  they  possess  a  buoyant  reserve  which, 
were  it  not  for  the  mechanism  employed  to  keep  them 
submerged,  would  bring  them  up  to  the  surface.  The 
reserve,  however,  is  a  very  small  percentage  of  the 
total  displacement,  and  in  the  A 1  class  is  altogether 
inadequate.  In  certain  foreign  vessels  one  to  three 
metal  weights  are  recessed  in  the  hull,  each  of  which 
can  be  detached  by  a  half-turn  of  a  hand  wrench. 
Obviously  the  sudden  release  of,  say,  a  ton  from  the 
vessel's  displacement  causes  it  to  shoot  to  the  surface 
and,  as  has  been  proved  by  experiments  in  France. 
even  a  leak  has  not  time  to  overcome  this  sudden 
lightening,   if  it   be   attended   to  immediatelv. 

5.  In  the  event  of  our  submarines  being  entangled 
at  the  sea  bottom,  or  for  some  reason  unable  to  rise, 
their  commanders  possess  no  means  of  informing  their 
friends  above  of  their  predicament.  Thev  should  each 
be  fitted  with  one  or  more  small  buoys  capable  of  being 
freed  by  the  withdrawal  of  a  retaining  iron  rod,  and, 
further,  connected  telephonically  with  the  interior. 
This  would  allow  the  imprisoned  men  to  explain  their 
position  and  give  their  ideas  as  to  the  best  methods 
to  employ  for  their  release. 

6.  All  French  submarines  and  the  majority  of  those 
built  by  other  Powers  are  fitted  with  four  eve-bolts  ; 
two  on  either  beam  forward  and  two  aft.  After  an 
accident  a  salvage  steamer  anchors  in  position  above 
the  submarine  at  low  tide,  and  chains  are  let  down 
on  either  side,  clamp  hooks  at  the  ends  being  rapidly 
placed  in  the  eye-bolts  by  divers.  As  the  tide  rises 
the  hull  is  raised  from  the  sea  bottom,  and  the  salvage 
steamer  makes  its  way  into  harbour.  Indeed,  owing 
to  the  density  of  sea  water,  it  should  be  possible, 
having  once  secured  a  firm  hold,  to  haul  the  submarine 
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up  by  steam  capstans  until  the  conning  tower  touched 
the  keel  qf  the  salvage  vessel  ;  like  this  the  submarine 
might  be  taken  into  dock. 

DISPLACEMENT. 

To  carry  all  these  things — armour,  guns,  larger 
engines  for  increased  speed,  more  room  for  fuel,  extra 
torpedo  tubes,  safety  appliances,  etc. — a  greater 
displacement  is  essential.  Our  latest  vessels,  A  2, 
A3,  A4  have  been  given  a  second  torpedo  tube  and 
a  higher  speed  by  six  knots  than  their  forerunners, 
but  to  obtain  this  the  displacement  had  to  be  nearly 
doubled.  Yet  even  their  200  tons  is  not  sufficient 
— France  is  already  approaching  the  500 — and  I  hope 
soon  to  hear  of  submersibles  of  six  to  eight  hundred 
tons  (submerged  displacement)  being  ordered.  These 
would  be  approximately  the  size  of  our  destroyers, 
for,  be  it  remembered,  if  one  of  them  were  submerged 
to  the  deck,  at  least  250  tons  would  be  added  to  the 
weight  of  water  displaced. 

CRITICISMS. 

The  paper  was  criticised  by  Captain  Bacon,  who 
considered  that  the  paper  was  not  one  which  should 
be  given  the  cachet  of  having  been  read  before  that 
Institution  without  serious  objection  being  taken  to 
many  of  the  statements  it  contained.  No  distinction, 
he  remarked,  had  been  drawn  by  Mr.  Burgoyne 
between  surface  and  submerged  speed.  If  they  had 
the  maximum  of  surface  speed  they  could  not  get 
the  maximum  of  submerged  speed.  In  the  same  way, 
range  of  action  on  the  surface  was  antagonistic  to 
range  of  action  below  the  water.  The  whole  future 
of  the  submarine  depended  upon  the  proportion  of 
balance  which  was  desired  in  these  and  other  respects. 
The  most  important  consideration  which  tended  to 
limit  the  size  of  submarines  had  not  been  mentioned 
at  all — the  question  of  submerged  horse-power.  As 
the  size  was  increased  the  battery  power  must  be 
increased  pro  rata,  so  as  to  preserve  the  speed  that 
the  smaller  boats  originally  had.  That  was  really  the 
whole  question  on  which  the  size  of  submarine  boats 
hinged.  The  lecturer's  statement  that  the  submarine 
of  the  future  would  carry  guns  had  nothing  new  about 
it.  That  submarines  would  carry  guns  was  certain  ; 
the  only  question  was  :  How  would  they  carry  them  ? 
On  the  question  of  providing  safety  appliances,  he 
chiefly  took  exception  to  the  lecturer's  use  of  the  word 
"  easily."  If  such  things  could  be  easily  done  they 
would  be  done.  They  had  been  told  that  watertight 
compartments  could  be  put  in  very  easily.  He  denied 
that  that  was  the  case.  There  was  an  enormous 
number  of  considerations  which  had  to  be  taken  into 
account. 

Among  other  Speakers,  Admiral  Sir  E.  Fremantle 
thought  they  should  be  grateful  to  Mr.  Burgoyne 
for  the  information  on  submarine  boats  laid  before  the 
ting.  As  regarded  the  main  (acts  stated — quite 
apart  from  the  theories  he  thought  that  they  might 
depend    on    them.      He   did    not    himself    believe    that 

they  would  ever  have  submarines  with  guns  to  any 

at,    and    it    woidd    seem    to    he    mi]"  have 


them  with  an  extreme  surface  speed.  If  the  boats 
were  to  have  great  speed  they  could  not  have  equal 
strength  or  capacity  in  other  respects.  He  was  con- 
vinced that  the  Admiralty  were  quite  right  in  keeping 
what  they  were  doing  as  secret  as  possible. 

The  Chairman  (Sir  William  White)  also  criticised  the 
paper.  Incidentally,  he  said  it  was  an  important 
matter,  in  relation  to  submarine  vessels,  that  they 
should  keep  their  level  or  depth.  That  problem  had 
been  one  of  considerable  difficulty  in  the  past,  but 
Captain  Bacon,  who  possessed  such  large  experience  of 
the  subject,  had  informed  them  that  it  had  been 
surmounted.  It  was  not  so  long  ago,  however,  when 
it  was  a  real  difficulty  and  one  involving  considerable 
danger.  In  that  connection  it  was  important  to  notice 
that  the  question  of  speed  below  the  surface  could  not 
be  dissociated  from  the  risks  of  going  to  very  consider- 
able depths  in  short  times,  if  high  speeds  were  attempted 
and  there  was  the  least  departure  from  a  level  keel. 
He  believed  that  it  was  a  simple  fact  that  Mr.  Holland , 
the  American  inventor,  who  had  devoted  many  years 
of  his  life  to  this  subject,  was  always  particularly  careful 
not  to  make  his  experiments  in  deep  water.  Every- 
thing in  this  matter,  as  in  fact  in  all  ship  construction, 
depended  on  estimates  of  weight.  The  civil  architect 
and  engineer  who  did  constructional  work  on  land  had 
to  think  of  strength  and  stability  and  weight  ;  he 
had  not  to  float  the  thing,  but  the  shipbuilder  had, 
and  he  must  always  ask  himself  :    "  Will  it  float  ?  " 


RAILWAY  SURVEYS  AND  DESIGN 
IN  NEW  COUNTRIES. 

TN  the  course  of  a  paper  on  the  above  subject 
contributed  by  Mr.  Percy  Gilbert  Scott,  at 
a  meeting  of  the  Society  of  Engineers,  the 
following  notes  are  given  on  a  survey  in  which 
the  author  was  appointed  one  of  the  senior 
assistant-engineers  under  Messrs.  Shelf  ord 
and  Son,  Consulting  Engineers  to  the  Colonial 
Government  for  West  African  Railways  : — 

The  country  through  which  the  railway  runs  from 
Sekondi  on  the  sea  coast,  to  Tarkwa  (a  distance  of  nearly 
forty  miles),  is  of  a  very  difficult  and  mountainous 
character,  consisting  of  steep  conical  hills,  three  ranges 
occurring  just  before  entering  Tarkwa.  The  country 
is  very  unhealthy,  and  the  only  means  of  transport 
was  by  carriers,  there  being  no  horses  or  cattle  in  the 
district.  It  was  impossible  to  decide  the  nature  of 
the  country  from  the  mere  inspection  of  the  ground  on 
account  of  the  virgin  forest  and  thick  undergrowth, 
which  completely  shut  out  the  view.  Every  line  sur- 
veyed had  to  be  cut  through  the  bush  with  the  excep- 
tion of  a  few  bush  paths,  which,  however,  had  to  be 
cleared  before  survey  lines  could  be  run  on  them.  The 
prismatic  compass,  miner's  dial,  and  66  ft.  steel  tape, 
were  used  in  making  the  preliminary  survey.  All 
rivers    and    streams    were   surveyed    for   considerable 
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distances  on  each  side  of  the  base  lines,  and  a  proper 
map  of  the  district  was  made,  cross  sections  being 
taken  at  rather  long  intervals  ;  each  survey  line, 
cross  section  and  course  of  river  and  stream  being 
previously  cleared. 

A  contoured  survey  plan  was  then  prepared,  and 
the  general  direction  of  the  roufe  marked  on  it.  This 
was  used  as  a  base  line  for  further  and  more  detailed 
operations  ;  the  straight  lines  and  long  chords  of 
curves  being  run  in  with  a  theodolite  and  cross  sections 
taken  at  every  chain  (66  ft.),  and  in  exceptionally 
difficult  portions  at  intervals  of  half  a  chain.  Owing 
to  the  difficult  nature  of  the  country,  several  other 
base  lines  in  the  neighbourhood  of  the  proposed  route 
had  to  be  used  and  cross  sections  taken  off  these.  A 
complete  contoured  plan  of  the  country  was  then  pre- 
pared, which  gave  a  wide  range  of  selection  for  the 
actual  fine  of  the  railway.  The  gauge  is  3  ft.  6  in., 
with  a  maximum  gradient  of  1  in  50  for  straights, 
and  a  minimum  curve  of  5  chains  (33c  ft.)  radius.  By 
adopting  such  heavy  gradients  and  sharp  curves, 
tunnels,  and  viaducts  were  avoided,  and  a  good  hard 
formation  was  obtained,  the  line  being  designed  in 
such  a  manner  that  adjacent  banks  and  cuttings  were 
made  to  equalise  as  far  as  possible. 

Gauges. 

On  the  question  of  gauges,  the  author  says  : — 
The  subject  of  gauge  is  a  very  important  though 
conflicting  one,  and  engineers  by  no  means  agreed 
as  to  which  is  the  best  gauge  suitable  for  railways. 
The  4  ft.  8i  in.  gauge,  though  based  on  no  scientific 
principles,  is  found  to  answer  admirably  for  all  pur- 
poses. Too  great  importance  cannot  be  attached  as 
to  the  continuity  of  gauge,  as  break  of  gauges  in  con- 
nection with  important  lines  means  loss  of  time  and 
money  in  transhipment.  To  instance  an  example  of 
the  evil  of  break  of  gauge,  the  author  will  quote  Mr. 
Ross-Johnson,  traffic  manager  of  the  Madras  Railwav, 


and  one  of  the  witnesses  before  the  recent  Railway 
Commission  appointed  by  the  Government  of  India 
regarding  the  linking  of  India  and  Ceylon.  Mr.  Ross- 
Johnson  declares  :  "  That  not  only  should  the  line 
linking  Cevlon  and  India  be  broad  gauge,  but  such  a 
line  and  the  conversion  of  certain  metre  sections  to 
broad  gauge  was  necessary  to  secure  convenience  of 
communication  between  Northern  India  and  the 
large  cantonments  in  the  South.  As  it  was,  the  Govern- 
ment sent  troops  from  Bangalore  312  miles  round, 
to  avoid  the  inconvenience  of  gauge."  It  may  be 
as  well  to  mention  here  that  the  broad  or  standard 
gauge  of  India  is  5  ft.  6  in.,  and  the  other  principal 
gauge  is  the  metre.  In  India  there  are  a  number  of 
advocates  in  favour  of  the  latter  gauge,  though  lines 
on  that  gauge  can  never  compete  in  speed  with  those 
on  the  broad  gauge,  and  it  is  doubtful  whether  they 
are  as  efficient  in  the  handling  of  large  quantities  of 
goods.  In  the  author's  opinion,  all  main  and  important 
lines  should  be  on  the  standard  gauge,  and  the  less 
important  on  narrow  gauges,  which,  in  their  turn, 
should  be  converted  to  the  standard  gauge  as  traffic 
develops.  It  may  also  be  necessary,  for  political 
reasons,  to  have  the  gauge  of  a  country  different  to 
those  of  other  countries  in  its  neighbourhood. 

The  following  is  a  list  of  the  principal  gauges  adopted 
on  railways  in  various  countries  : — 


Table  of  Gauges. 
Countries. 


Gauces. 


England  and  Europe  generally 

Ireland.. 

Canada 

Australia 

United  States 

British  India 

Egypt  

South    Africa,     Gold     Coast, 


4  ft.  8}  in. 

5  ft.  3  in. 

5  ft.  6  in.  and  4  ft.  8  in. 

3  ft.  6  in. 

4  ft.  84  in. 

5  ft.  6  in.  &  1  metre. 

4  ft.  Siin.  g  3  ft.  6  in. 


Lagos,  and  New  Zealand     3  ft.  6  in. 


COMING    EVENTS-JULY. 


7th. — Ipswich  Engineering  Society  visit  the  works  of 
the  British  Xylonite  Company,  Brantham. 

11th. — Birmingham      Association      of      Mechanical 
Engineers  :  Annual  Engineering  Excursion. 

19th. — His    Majesty  the  King  and  Queen  Alexandra 
inaugurate  the  new  dock  works  at  Swansea. 


21st. — His  Majesty  the   King  and  Queen   Alexandra 
open  the  Birmingham  Welsh  Water  scheme  at  Rhayader. 

21st- — Institute  of  Mining  and  Metallurgy  meet  at  Bur- 
lington House,  8  p.m. 

23l*d. — Midland   Counties   Institution   ot"     Engineers 
meet  at  Barnslev. 


SOME    RECENT    PUBLICATIONS. 


"ENTROPY.' 

Or  Thermodynamics  from  an  Engineer's  Standpoint, 
and  the  Reversibility  of  Thermodynamics.  By 
James  Swinburne.  Archibald  Constable  and  Co., 
Ltd.     4s.  6d.  net. 

In  this  volume  Mr.  Swinburne  has  set  himself  to 
give  a  clear  definition  of  entropy,  and  students  should 
be  grateful  to  him  for  the  performance.  Of  his  own 
difficulties  in  meeting  this  problem,  Mr.  Swinburne 
speaks  with  characteristic  frankness.  "As  a  young 
man,"  he  says,  "  I  tried  to  read  thermodynamics, 
but  I  always  came  up  against  entropy  as  a  brick 
wall  that  stopped  my  further  progress.  I  found  the 
ordinary  mathematical  explanation,  of  course,  but  no 
sort  of  physical  idea  underlying  it.  No  author  seemed 
even  to  try  to  give  any  physical  idea.  Having  in 
those  days  great  respect  for  textbooks,  I  concluded 
that  the  physical  meaning  must  be  so  obvious  that 
it  needs  no  explanation,  and  that  I  was  especially 
stupid  on  that  particular  subject.  (Everyone  who 
studies  bv  himself  knows  he  is  particularly  stupid  in 
certain  directions,  and  is  constantly  realising  new 
limitations.)  After  a  few  years  I  would  tackle  the 
subject  again,  and  always  I  was  brought  up  dead  by 
the  idea  of  entropy.  I  asked  people,  but  I  never  met 
anvone  who  could  tell  me,  and  I  met  one,  an  engineer, 
who  admitted  that  he  did  not  know.  Not  only  could 
I  get  no  physical  idea  of  entropy,  but  the  definition 
of  entropy  and  the  statements  about  it  did  not  make 
sense  as  soon  as  one  tried  to  understand  irreversible 
changes.  Later  on,  insiead  of  making  the  common 
-mistake  that  elementary. books  are  easy  to  understand, 
I  got  into  the  study  of  irreversible  thermodynamics 
by  the  road  of  physical  chemistry,  and  found  that 
my  previous  troubles  were  due  to  inaccurate  definitions 
and  faulty  analogies  on  -the  part  of  writers  who  had 
an  incomplete  grasp  of  thermodynamics.  Having 
once  got  accurate  and  consistent  definitions,  it  is  not 
so  difficult  to  get  some  sort  of  physical  idea  of  entropy.' ' 


"HAULAGE  AND   WINDING   APPLIANCES   USED 
IN  MINES." 

By  Carl  Yolk.  (Based  on  the  works  of  J.  von  Hauer.) 
Translated  from  the  German  by  Charles  Salter. 
Scott,  Greenwood  and  Co.,  D.  Van  Nostrand 
Co.  (New  York).     8s.6d.net. 

The  author  gives  a  comprehensive  view  of  a  subject 
to  which  a  good  deal  of  attention  lias  been  paid  in 
Page's  Magazine.  It  is  designed  lor  students  in 
mining  schools,  young  technicists,  and  mine  managers. 
and  treats  in  a  concise  manner  upon  the  subjects 
dealt  with  in  the  large  work  on  winding  engines  by 
Julius  von  Hauer,  as  follows:  Ropes  Haulage 
Tubs  and  Tracks — Cages  and  Winding  Appliances — 
Winding  Engines  for  Vertical  Shafts — Winding  without 
Ropes — Haulage  in  Levels  and  Inclines  The  Working 
of  Underground  Engines — Machinery  for  Downhill 
Haulage.      The  my    excellent     diagrams    and 

plates.     Chapter  V. — Winding  without   Ropt 

d  into  twenty-one  line  ,  it  des<  ribes  Blani  bet's 
"  pneumatic  "  system  oi  winding,  and  the  method 
proposed  rt.     Blanchel  inserts  in  the  shaft 

a  pipe  (or,  for  double   winding,    two   pipes),   aboul 


60-80  in.  in  diameter,  reaching  from  the  lowest  pit 
eye  to  bank.  Into  these  pipes  fit  the  cages,  which 
are  mounted  on  large  pistons  with  leather  packing. 
The  cage  is  raised  by  exhausting  the  air  at  the  top 
of  the  pipe,  and  the  down  trip  is  accomplished  bv 
gravitation,  the  rate  of  fall  being  regulated  by  throttling 
the  after-flow  of  air.  By  this  means  the  ventilation 
of  the  mine  is  effected  at  the  same  time.  So  far,  the 
system  has  only  been  tried  once,  namely,  at  the 
Hottingue  shaft,  near  Epinac.  In  the  Mahnert 
system,  two  pipes  are  built  in  the  shaft,  these  being 
filled  with  water,  and  connected  at  the  bottom  by 
means  of  a  lock  chamber.  The  load  is  inserted  in 
an  iron  vessel,  which  ascends  to  the  surface  in  the 
upcast  pipe,  whilst  the  emptied  and  suitably  weighted 
vessels  sink  down  the  intake  pipe.  This  method  has 
not  been  tried  in  practice. 


"ELECTRIC    TRACTION. 

A  Practical  Handbook  on  the  Application  of  Electricity 
as  a  Locomotive  Power.  By  John  Hall  Rider. 
Whittaker  and  Co.      10s.  6d.  net. 

Mr.  Rider  presents  the  subject  in  such  an  attractive 
manner  and  has  been  so  careful  to  avoid  any  abstruse 
mathematical  calculations  that  his  book  should  be 
read  with  interest  and  profit  by  many  who  are  not 
actually  engaged  in  electric  traction  work,  as  well  as 
by  the  specialist.  The  work  is  subdivided  as  follows  : 
Introduction — Generating  Plant — Switch  Gear — Dis- 
tribution— Motors — Controllers — Rolling  Stock — Per 
manent  Way— Overhead  Systems — Conduit  Systems — 
Surface  Contact  Systems — Accumulators — Combined 
Lighting  and  Traction  Stations — Electric  Railways. 

In  the  author's  opinion  the  adoption  of  the  conduit 
is  only  justified  under  one  or  other  of  the  following  cir- 
cumstances, viz.  :  (1)  When  the  traffic  over  the  lines 
is  so  great  that  the  heavy  fixed  capital  charges  do  not 
make  any  serious  addition  to  the  costs  per  car  mile. 
This  is  a  condition  of  things  only  met  with  in  Metro- 
politan cities,  and,  after  all,  is  no  reason  why  the  over- 
head system  should  not  be  used.  (2)  When  the  powers 
for  the  tramway  can  only  be  obtained  on  the  condition 
that  the  conduit  is  used.  (3)  When  the  system  of 
lines  is  so  complicated  that  the  overhead  construction 
becomes  cumbersome  and  dangerous.  Both  (2)  and 
(3)  are  again. controlled  by  (1),  since,  unless  the  traffic 
can  be  guaranteed,  the  line  cannot  pay,  and  had, 
therefore,  better  not  be  constructed. 

Of  surface  contact  systems,  he  remarks  that  while 
they  are  almost  perfect  in  theory,  yet  they  are  most 
difficult  to  design,  and  work  satisfactorily  in  practice. 
Whether  surface  contact  systems  have  a  future  or  not 
is  very  difficult  to  prophesy.  Their  only  justification  is 
that  they  get  rid  of  the  overhead  wires.  They  are 
certainly  cheaper  in  construction  than  the  conduit 
system,  averaging  from  ^8,000  to  ^10,000  per  mile  of 
single  track,  including  rails  and  paving.  They  neces- 
sitate far  less  disturbance  of  the  surface  of  the  road 
during  construction,  as  it  is  not  necessary  to  excavate 
lower  than  tor  the  ordinary  concrete  foundations  under 
the  track  rails.  The  weak  point,  in  all  such  systems, 
is  the  use  of  a  switch  for  each  individual  contact  stud. 

(Owing  to  pressure  upon  our  space  a  number  of  reviews 
are  unavoidably  held  over.) 


May. 

21st.— Opening  of  the  Annual  Council  Meeting  of  the 
Northumberland  Miners"  Association. 

27th.—  The  value  of  the  Transvaal  imports  during  the 
first  quarter  of  the  present  year  amounted  to  £3,5*7,213  : 
the  Customs  receipts  for  the  same  period  amounted  to 
£413,900. 

28th.— Launch  of  the  steel  screw  steamer  Waddon  at 
Hebburn-on-Tyne. 

30th.— The  South  Wales  Coalowners'  Association 
meeting  at  Cardiff  adopts  the  recommendation  of  the 
owners'  representatives  on  the  Conciliation  Board,  that 
Mr.  Fred  L.  Davies  should  be  appointed  president  at  a 
remuneration  of  £2,000  a  year— The  new  Cape  liner. 
Kcnilworth  Castle,  sails  from  Southampton  on  her  maiden 
voyage.— Opening  of  the  Newport  Corporation  Water- 
works at  Wentworth. 

31st— The  British  and  American  Mechanical  Engi- 
neer-' Convention  opens  in  Chicago. 

June. 

1st.— Brazil  denounces  the  commercial  treaty  of  1891 
with  Peru.— Mr.  G.  Balfour,  M.P.,  receives  a  deputation 
at  the  Board  of  Trade  from  the  City  Corporation  and  the 
Thames  Conservancy,  who  urge  that  an  official  inquiry 
should  be  held  as  to  the  suggestion  for  a  Thames  Dam 
scheme. — The  Queensland  Treasury  returns  show  that 
the  excess  of  revenue  over  expenditure  for  the  eleven 
elapsed  months  of  the  financial  year  is  £500,000. 

2nd.  — The  Thames  Steamboat  Company  open  a  ser- 
vice of  express  steamers  between  Westminster  and 
Greenwich. 

3rd.— The  London  Traffic  Commission  hold  their  last 
public  sitting. 

6th. — The  German  Engineers'Association  unanimously 
confers  the  Grashof  medal  on  Mr.  Parsons,  of  New- 
castle-on-Tyne,  and  M.  de  Laval,  of  Stockholm.  —  The 
Haulbowline  Dockyard  tug  Thistle  sinks  in  Queenstown 
Harbour. — Members  of  the  Royal  Institution  place  on 
record  their  sincere  thanks  to  Mr.  Andrew  Carnegie  for 
his  donation  of  £1,200,  to  enable  Professor  Dewar  and 
Mr.  K.  A.  Hadheld  to  prosecute  their  investigations  on 
the  physical  properties  of  steel  and  other  alloys  at  low 
temperature. 

7th.— The  Inter-Colonial  Council  at  Pretoria,  dis- 
cussing the  question  of  the  construction  of  new  railways 
by  private   enterprise,   decides,   in   opposition   to   Lord 


Milner,  against  any  Government  guarantee  being  accorded 
to  the  undertakings. — It  is  reported  that  the  Broughton 
and  Plas  Power  Company  will  shortly  reopen  the  Vron 
Colliery,  which  formerly  gave  employment  to  500  men. 

8th. — Mr.  A.  H.  Burgovne  reads  a  paper  at  the  United 
Service  Institution  on  f  The  Future  of  the  Submarine 
Boat." — A  Bill  for  the  reorganisation  of  the  Brazilian 
Navy,  laid  before  Cjngress  to-day,  provides  for  the  pur- 
chase of  28  ships.  The  Bill  specifies  that  English  yards 
are  preferable  for  the  construction  of  the  vessels. 

9th. — Death  of  Sir  William  Henderson,  of  Aberdeen. — 
The  Marylebone  Borough  Council  decide  to  apply  to  the 
L.C.C.  for  their  sanction  to  borrow  £436,500  for  the 
erection  of  an  electric  generating  station,  etc. 

11th.— Sir  F.  Dixon-Hartland,  M.P.,  Chairman  of  the 
Thames  Conservancy  Board,  opens  the  new  lock  at 
Teddington. 

13th. — Publication,  as  a  Parliamentary  paper,  of  the 
committee's  report  on  the  Board  of  Trade — it  is  recom- 
mended that  the  President's  salary  should  be  raised  to 
£5,000,  and  that  his  title  should  be  changed  to  that  of 
Minister  of  Commerce  and  Industry. 

14th. — Launch  of  the  first-class  armoured  cruiser 
Duke  of  Edinburgh. — A  House  of  Lords  Committee 
approves  of  the  Torquay  Tramways  Bill,  which  proposes 
the  introduction  of  a  new  system  of  electric  traction. 

15th. — Appalling  disaster  in  New  York  Harbour — 
several  hundred  lives  lost  consequent  upon  the  burning 
of  the  steamer  General  Slocum. 

16th—  The  new  electrical  steel  swing  bridge, 
designed  to  carry  the  railway  for  the  Transatlantic  boat 
trains  across  Dover  Docks,  is  swung  into  position. 

17th. — The  Gordon-Bennett  Motor-car  race  is  held  in 
the  neighbourhood  of  Homburg. — Sir  Percy  Girouard, 
the  Transvaal  Commissioner  of  Railways,  tenders  his 
resignation. — It  is  announced  that  the  Glasgow  steamer 
Kirkdale  has  been  sold  to  the  Japanese  for  the  net  sum 
21.500. — The  torpedo-boat  destroyer  Sparrauharti-k 
strikes  an  uncharted  rock,  and  sinks,  off  Chesney  Island. 

20th. — The  Thames  Conservancy  Board  approve  of  the 
construction  by  the  Thames  Steam  Tug  and  Lighterage 
Company  of  a  covered  barge  dock  at  Lots  Eyot,  Brentford. 
— Dr.  Kerr's  Yacht  Valdora  wins  the  Dover  to  Heligoland 
race. — Lord  Salisbury  presides  at  the  King's  College 
Annual  Dinner. 

21st-— Opening  of  the  Royal  Agricultural  Show.— The 
first  batch  of  Chinese  coolies  for  the  Rand,  300  in  num- 
ber, are  despatched  by  train  from  Durban. 
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NEW  CATALOGUES  AND  TRADE  PUBLICATIONS. 


Allgemeine  Elektricitats-Gesellschaft,  Berlin,  forward  a 
circular  illustrating  their  latest  arc  lamps. 

Herbert  Perkin,  Prudential  Buildings,  Leeds. — Under 
the  title,  "  Labour  Savers,  Time  Savers,"  Mr. 
Perkin  has  produced  a  freely  illustrated  list  of  hack 
saws,  valuable  to  engineers,  shipbuilders,  and  the 
metal  trades. 

C.  Redman  and  Sons,  of  Pioneer  Iron  Works,  Halifax, 
forward  a  finely  illustrated  catalogue  of  High-grade 
Machine  Tools,  which  also  includes  description  and 
views  of  the  Pioneer  Iron  Works,  under  the  title  "  A 
Modern  Yorkshire  Machine  Tool  Works." 

Diplock's  Patent  Traction  Engine  Haulage  Syndicate* 
Ltd. — From  the  circular  which  reaches  us  from 
this  firm  we  are  reminded  that  the  pedrail  tractor,  as 
described  in  Page's  Magazine  some  months  ago, 
has  been  exhibited  at  the  Royal  Agricultural  Show. 
Further  reference  to  this  matter  will  be  made  in 
our  next  issue. 

"w\  J.  and  C.  Tyack,  Ltd.,  Camborne,  forward  details 
of  Bickford's  patent  oil  crucible  furnaces  for  melting 
brass,  iron,  gold,  etc.  An  important  feature  of 
these  furnaces  is  that  any  waste  of  kerosene  can  be 
used,  and  it  is  claimed  that  40  lb.  of  brass  can  be 
melted  in  30  minutes  with  half  a  gallon  of  waste  oil, 
starting  all  cold. 

F.  W.  Braun  and  Co.,  Los  Angeles,  California, 
forward  a  small  pamphlet  entitled  "  Annealing, 
Hardening,  Tempering,  and  Case  Hardening,"  the 
idea  being  to  incorporate  some  valuable  hints  on 
these  operations,  while  at  the  same  time  calling  atten- 
tion to  the  advantages  of  Braun's  Portable  Forge 
and  Tempering  Furnace. 

The  Northampton  Accumulator  Company,  West  Bridge 
Works,  Northampton,  forward  a  very  handy 
pamphlet  giving  complete  details  of  their  N.A.C. 
accumulators,  with  working  instructions,  etc.  The 
firm  manufactures  secondary  batteries  for  lighting 
and  central  station  use,  also  for  motor  cars  and 
every  description  of  electric  traction. 

Jessop  and  Appleby  Bros  ,  Ltd.,  Leicester  and  London, 
have  issued  a  new  edition  of  their  illustrated  pam- 
phlet relating  to  electrical  cranes  of  standard,  and 
a  few  special,  types,  also  electrically  driven  winches, 
lifts,  concrete  mixers,  and  pile  drivers.  Some 
useful  information  is  included  on  the  subject  of 
small  electric  lighting  and  power  installations. 

The  Brush  Electrical  Engineering  Company  Ltd., 
Falcon  Works,  Loughborough. — "  An  all-British 
Line,"  is  the  title  given  to  this  firm's  latest  produc- 
tion. The  interior  is  a  folding  strip  showing  ten 
items  of  rolling  stock  in  line.  These  include  a  steam 
and  electric  locomotive,  electric  railway  carriages,  a 
rail  watering  and  cleaning  electric  car,  and  various 
forms  of  electric  trams. 

British  Westinghouse  Electric  and  Manufacturing  Com- 
pany. Ltd.. — Pamphlet  No.  B1072  describes  and 
illustrates  the  Westinghouse  No.  90M  Tramcar  Con- 
troller, and  gives  a  good  general  idea  of  the  extent 
to  which  Westinghouse  Tramway  Equipments  are 
used  in  Great  Britain.  Pamphlet  No.  B1080  gives 
the  salient  points  of  the  No.  aoo  Tramway  Motor, 
which  has  been  designed  to  meet  the  demand  for 
a  motor  of  thoroughly  sound  construction  and 
medium  power,  for  service  OS  ears  ot  moderate 
speed  and  seating  capacity. 


Holden  and  Brooke,  Ltd.,  of  Sirius  Works,  West  Gor- 
ton, Manchester,  forward  List  No.  66,  describing 
and  illustrating  Brooke's  Patent  Motor  Wagon 
Injector,  and  List  No.  67,  which  is  concerned  with 
Brooke's  Patent  "  P.S."  (Protected  Seat)  Valve,  and 
other  special  steam  valves.  A  small  folding  pam- 
phlet calling  attention  to  the  remarkable  possibilities 
of  Brooke's  Patent  Separator  or  Steam  Dryer  has  also 
been  received. 

Croft  and  Perkins,  Great  Northern  Works,  Bradford. — 
An  illustrated  circular,  printed  in  two  colours,  of 
their  new  type  rim  friction  clutches.  Special  features 
of  these  ar-e  stated  as  follows  :  Greatest  possible 
driving  power,  simplest  method  of  adjustment, 
greatest  possible  clearance  when  out  of  clutch.  The 
firm  also  forward  the  latest  edition  of  their  cata- 
logue and  price  list  of  power  transmitting 
machinery,  etc.,  superseding  all  previous  lists. 

David  Bridge  and  Co.,  Castleton  Ironworks,  Castleton, 
Manchester. — An  eight-page  circular  issued  by  this 
firm  contains  a  great  deal  of  compressed  information 
re  Heywood  and  Bridge's  improved  patent  friction 
clutch.  The  firm  make  a  speciality  of  complete 
gearing  and  hauling  installations,  and  some  instruc- 
tive illustrations  are  included  showing  the  actual 
application  of  these  clutches.  This  firm  also  sends 
a  pamphlet  illustrating  and  describing  Stratton's 
patent  four-way  hydraulic  valve,  and  ask  "  Have 
you  ever  racked  your  brain  to  think  out  a  valve 
which  would  not  go  wrong,  and  which  anyone  with 
two  minutes'  tuition  could  control,  and  which 
would  never  let  the  water  pass  "  ?  It  is  claimed 
that  Stratton's  patent  valve  fulfils  these  con- 
ditions. 

The  Blake  and  Knowles  Steam  Pump  Works. — 
This  firm  is  issuing  a  special  catalogue  of  con- 
densing apparatus  for  stationary  and  marine  engines, 
etc.,  in  order  to  afford  more  detailed  information 
regarding  this  prominent  branch  of  the  business  than 
is  possible  in  their  regular  catalogue.  The  booklet  is 
well  designed  and  illustrated,  and  in  small  space 
affords  a  great  deal  of  special  information,  while 
room  has  also  been  found  for  a  number  of  useful 
tables  on  the  economy  of  high  grade  steam  engines, 
mean  effective  and  terminal  pressures,  weight  and 
comparative  fuel  value  of  wood,  weight  and  capacity 
of  different  standard  gallons  of  water,  etc.  For 
the  independent  condensing  apparatus  produced  by 
the  firm,  the  following  advantages  are  claimed  :  1st. 
That  it  will  save  from  20  to  30  per  cent,  in  steam 
when  applied  to  non-condensing  steam  engines,  or 
will  give  an  increase  of  power  of  corresponding 
amount.  2nd.  Will  quickly  produce  and  steadily 
maintain  the  highest  vacuum  desired  with  least 
amount  of  injection  water  and  power  to  operate  the 
air  pump.  3rd.  Requires  no  expensive  foundation 
and  occupies  but  little  floor  space.  Can  readily  be 
attached  and  placed  in  any  position  most  con- 
venient— under  the  engine-room  floor,  if  desired. 
4th.  Being  independent,  it  can  be  operated  and  a 
vacuum  formed  before  the  engme  is  started — an 
important  feature!  The  speed  of  the  pump  can 
be  readily  adjusted  to  meet  the  demands  of  the 
steam-engine,  no  matter  how  variable  the  load — 
an  impossibility  with  connected  air-pumps.  5th. 
Will    rim    smoothly  and    noiselessly,      relieving      the 

b team-engine  from    just  so    much  drag,   especially 
where  the  connected  air  pump  is  made  larger  (as  is 

n  rally  the  ease)  than  is  actually  necessary. 


(96) 


HADFIELD'S  og^Sg  LAY-OUTS 

.  .  .    OF    EVERY    SIZE    AND     DESCRIPTION     .  .  . 

HADFIELD'S  PATENT  MANGANESE  STEEL 

IS    THE    BEST    MATERIAL    FOR 

TRAMWAY  TRACK  WORK. 

TRAMWAY  POINTS  &  CROSSINGS 

TRAMWAY  WHEELS  &  AXLES 

TIE-BARS,  Etc.,  Etc. 

HADFIELD'S 


49 


Engines 


___ ~_ 


John  Fowler  &  Co. 


(LEEDS)  LIMITED. 


Electrical    and    General 
Engineers. 


Steam  Plough  WorKs  : 

LEEDS. 


Fowler's  Road  Locomotive.  Designed  for  all  Kinds  of  Steam 
Haulage,  and  is  also  available  for  temporary  belt  driving. 
Three  sizes  of  this  Engine  are  standardized,  and  employed 
approximately  for  20,  30,  and  40  ton  loads.  A  special  heavy 
Engine  is  also  made  equal  to  a  load  of  50  tons,  and  called 
the  "  Lion  "  type.  The  Engine  was  thus  named  by  the 
War  Office  Authorities,  who  employed  a  number  of  them 
In  the  South  African  Campaign. 
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Engines 


ALLIS-CHALMERS   Co. 


General  Offices: — 

CHICAGO,  U.S.A. 


SOLE    BUILDERS    OF— 

Reynolds'  Engines  for  Power  Plants, 
Rolling  Mills,   Blowing  Engines,   etc. 


General    European     Headquarters :— 

SALISBURY  HOUSE,  FINSBURY  CIRCUS,  LONDON,  E.C. 


[WRITE     FOR     CATALOGUES. 


5i 


D    2 


1,r~a£ 


Trr* 


i@%'ftaaMDE)f      Locomotives,  &c. 


The 


ft 


MclNNES  DOBBIE 

(Latest  form  of  our  "  Mclnnes") 

patent  Indicators 


•  •  for  -  - 

HIGH    &    LOW 
SPEEDS. 

Tit  two  types:— 
External  Spring 

and  -  -  . 

Enclosed  Spring 

Each  made  in  several 
Forms  and  Sizes. 


DE31QN 

NO.  2 

INSTRUMENT 


ExTeKNAL 

Pressure  Spring  Tv?s. 


SPECIAL  INDICATORS 
d  Explosion  Recorders 
for  Gas  «S  Motor  Engines, 
etc. 


Sole 
Makers : 


DOBBIE  MclNNES,  LD. 

(T.  S.  Mclnnes  &  Co.,  Ltd.,  &  Alex.  Dobbie  &  Son,  Ltd..  Amgd.), 
INDICATOR     MAKERS     TO      THE     ADMIRALTY. 

45,  Bothwell  Street,  GLASGOW, 

6   at  GreenocK,  South  Shields,  €s  London. 


THE  HUNSLET  ENGINE  CO., 

LEEDS. 


LTD., 


MANUFACTURERS     OF 


TANK   ENGINES 
Of  all  Descriptions. 

Designs  and  Specifications  Supplied 
or  Worked  to. 


Telegrams  :  "Engine,  Leeds." 


Telephone:  528. 


Baldwin  Locomotive  Works. 

Burnham,  Williams  &  Co.    Philadelphia,  Pa.,  U.S.A. 

Code  Address :    "BALDWIN,    Philadelphia." 
General  Agents:     Messrs.  Sanders  &  Co.,  110,  Cannon  St.,  London,  F.C. 


Broad  and  Narrow  Gauge  LOCOMOTIVES. 

ELECTRIC    LOCOMOTIVES   with  Westinghouse 

Motors.    TRUCKS  for  ELECTRIC  CARS. 

Mine,  Furnace,  and  Industrial  Locomotives. 

Operated  by  Steam,  Compressed  Air,  &  Electricity. 


KteM 


Boilers,  &c. 


BABCOCK  &  WILCOX  Ltd., 

Patent  Water=Tube  Boilers. 


Engineers  and 
Manufacturers  of 


OVER   4,500,000   H.P.    IN   USE   IN  ALL   INDUSTRIES. 

The  only  Water-Tube  Boiler  which  gamed  the  GRAND  PRIX 
(Highest  Award)  at  the  Paris  International   Exhibition,    1900. 


Complete  Installations  of  Steam 

Piping  and  Boiler  House  Plants. 


ALSO 


WATER-TUBE  MARINE  BOILERS. 


ESTIMATES   AND   PLANS   OX   APPLICATION. 


Head  Offices  — 


Babcock  &  Wilcox  Boiler,  fitted  with  Superheater. 


LONDON :  Oriel  House,  Farringdon  St., 
E.C. ;  and  Branches. 


A  valuable  treatise  on  "  Steam  "  and  "  Ac- 
cessories "  Catalogue  free  on  application, 
to  Engineers  and  Steam  Users. 


works:   RENFREW,  Scotland. 


J.  P.  Hall  &  Sons, 


Ltd.. 


ENGINEERS, 

PETERBOROUGH. 

We  make  a  SPECIAL  Compound 
Direct  Acting  Slow  Running 

Boiler  Feed 
Pump 


ECONOMICAL  AND  EFFICIENT. 

We  deliver  100  lbs.  of  Water  for 
the  expenditure  of  1  lb.  of  Stearq. 
Thjs  with  our  2,000  gallon  Pump, 
and  a  much  higher  efficiency  as 
the  size  of  the  Pump  increases. 

AN     IDEAL     PUMP     FOR     GENERAL 
BOILER    FEEDING    PURPOSES. 

Apply  for   Particulars. 


LEEDS  CITY  BOILER  WORKS 

(Established  1862.) 
a    a    ON    ADMIRALTY    LIST,     a    a 


MAKERS   OF 


High-Class 


BOILERS 

To  stand  any  test  or 
pass   any  inspection. 


MADE    BY   THE 

LATEST  IMPROVED 
MACHINERY. 


Most 

Modern  and 
Complete 
Plant  in 
Yorkshire. 


VERTICAL    BOILERS 

Always   in    Stock  and  in  Progress. 

SPECIALITY.— Boilers     fitted     with    Deighton's    Patent    Corrugated 
Flues  give  20  per  cent,  increased  heating  surface  over  ordinary  flues.  - 
Contractors   for  Roofs  and  all  kinds  of  Structural  Iron  and 
Steel  Work. 


"!l!i W~ 


¥  TV 


><T  n rum 

(^MEM]f  Conveying  Machinery 


"" 


GRAHAM 


J 


MORTON 


Write 

for 

Catalogues. 


On 

Admiralty 

and 
War  Office 

Lists. 


&  CO.,  LTD., 

LEEDS. 


Makers 
of 

HUNDREDS 

of 

Coal 

Handling 

Plants. 


54 


fftaMai 


Rolling  Stock,  &c. 


GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG 
f2  G 

I  W.  R.  Renshaw  &  Co.,  1 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


Manufacturers  of 


Limited, 


RAILWAY  WAGONS, 

WHEELS  &  AXLES, 

AND    IRONWORK, 

ALL  STEEL  HIGH- 
CAPACITY  WAGONS, 


IRON  &  STEEL 
STRUCTURAL  WORK, 
TANKS,  ROOFS, 
RIVETED    GIRDERS   AND 
PIPES. 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


London  Office:  Phoenix    Works, 

?tS£?u™  STOKE-ON-TRENT. 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


F.  A.  KEEP,  JUXON  &  Co 


Rmimi  Work 


OF    EVERY    DESCRIPTION 


TANKS 


FOR 


TRANSPORT 
i       SERVICE. 


MISCELLANEOUS 
IRON-PLATE   and 
CONSTRUCTIONAL 
IRONWORK. 


r  orward   \W  orks. 

BARN     STREET, 

BIRMINGHAM. 

National  Telephone  :  3779. 

Telegrams :   "  Structures,  Birmingham. " 


Pumps,  &c. 


444 
444 
444 
444 
444 


444 
444 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

♦♦♦♦♦♦»♦♦♦♦♦♦♦ 

♦♦♦♦♦♦♦♦♦♦ffi. 


Turbine 
Pumps 


FOR    HIGH    LIFTS,    XXX 

444 

and  any  Capacity.  4  ▼  T 

444 

Unprecedented  efficiency  up       A  ^  ^ 

to  80  per  cent.  444 


♦ft    MATHER  «5  PLATT,  Ltd.,  ♦♦♦! 

SALFORD   IRON  WORKS, 

MANCHESTER. 


♦♦♦♦♦♦♦♦♦♦♦♦♦ 

♦  ♦♦♦♦♦♦♦♦♦♦4t+- 


THE  LEEDS   FORGE  Co..  Ld. 


<& 


* 


C**4       .^         a 

4*V* 


PATENT   SELF-DISCHARGING  WAGON.     20  TONS  CAPACITY. 
Height  from  rails.   10ft.  Width  Overall,  8ft.  Length  over  Buffers,  20ft.   10 in. 


Agents:     Messrs.   TAlTE   and   CARLTON,  63,  Queen   Victoria   Street.  LONDON.  E.C. 

""" "_ "" "  5$ 


Pumps 


.•  *  ■ 
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Pumps 


PUMPS 


FOR  GAS  LIQUOR. 
FOR  CHEMICAL  WORKS. 
FOR  SYRUPS  (Hot  or  Cold). 
FOR  M.0LASSES. 
FOR  VISCID  LIQUIDS. 
FOR  WORT  (in  Breweries). 
FOR  YEAST. 
FOR  MILK. 

FOR  AMMONIA   SOLUTIONS. 
FOR  BRINE  CIRCULATION. 
IN  FREEZINC  MACHINES. 
&c,  &c,  &c. 


Positive  Rotary  Pumps 


SIMPLE. 


COMPACT. 


Adjustable  for  Wear. 


Handles    Syrup,  Gas    Liquor, 
and  Viscid  Liquids  perfectly. 

Suitable  for  all  purposes  where 

an   efficient  and  reliable  pump 

is  required. 


For  further  Particulars  apply— 

POSITIVE  ROTARY  PUMPS,  Ltd., 

23,  NORTHUMBERLAND    AVENUE, 

London,  W.C. 


m 


3< 
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Pumps,  &c. 


TANGY 

STEAM    PUMPS 

FOR    ALL    DUTIES. 

"SPECIAL"      DUPLEX 
FLY-WHEEL     6cc, 

a  Lao 

Centrifugal   Pumps,    Treble  -  Ram    Pumps,   etc. 

Electrically  Driven  Pumps 

A     SPECIALTY. 


14  x  8  x  12  in.  "Special"  Pump. 


"¥"    J\    Ik  II  A\#  IT  O  CORNWALL    WORKS, 

IMNUiTtO       Birmingham. 

BRANCHES     AT  LIMITED  «— * 

London,   Newcastle,    Manchester,   Clasgow,   Cardiff,    Rotterdam,   Bilbao,  Johannesburg. 


S.  HOWES  Co 

Manufacturers    of 

"LITTLE  GIANT    TURBINES  \ 

Pelton      Wheels,      Water      Motors       and 
Water  Wheels. 
Centrifugal  and   Steam   Pumps. 
"  Eureka "   Exhausters,   Blowers,   Fans,  and 

Heaters. 
Portable  and  Stationary   Forges. 
Hand  and   Power   Drills. 

Grain   Scales   and  Weighing   Machines. 
Grinding        Mills,       Disintegrators       and 
Crushers. 


160  Page  Turbine  Catalogue  sent  free  upon  application. 


Head  Offices  and  Show-rooms . 


64,  MARK  LANE,  LONDON,  England. 


Government  Contractors. 


T  III" 


II,  ii?  '  fAfi-^  %  """"  ™ 

H&SIIBDET    Condensing  Plant 


in"1  in 


The  Mirrlees-Watson  Co., 


GLASGOW,    SCOTLAND. 


LIMITED, 


CONDENSING    PLANT  FOR 
HIGH    VACUUM. 


LONDON    OFFICE: 

158,    Gresham   House, 
Old   Broad  Street,    E.C. 


msxss£\r 


Boiler  Fittings 


WINN'S  RELIABLE 


BOILER  &  ENGINE 


Specify 
Winn's 
Fittings 


WRITE 

FOR 

CATALOGUE 


FITTINGS 


Winn's  Mountings 
on   Lancashire    Boiler. 


CHARLES  WINN  6  CO., 

Engineers,    BIRMINGHAM. 
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Hk@MlIEIif       Brass  Foundry 


rf^m 


Hunt 


and 


Mitton, 


MAKERS    OF 


G.  M.  Flanged  Wheel  Valve. 
No.  106.    B  Type. 


HIGH-CLASS 
FITTINGS  ONLY 

for  Engines  and  Boilers.    =^=^z=^= 


Engineers'  Brass  Finishers. 

CROWN  BRASS  WORKS, 
OOZELLS  STREET  NORTH, 

BIRMINGHAM. 


Patent  "  End  Sight  "  Oil  Distributirg  Box. 
Xo.  88 1. 


Telegrams  : 

'•  Mitton, 

Birmingham. " 

Telephone  : 
394- 


Krielionless  Copper  Expansion  Box  to 
take  up  Expansion  of  Pipes. 


Mitton's  Patent  Centrifugal 

Crank  Pin  Oilei. 

No.  381. 


Oil  Gauge  Indicator  for  Solid 
Hearings. 

Xo.  849. 


Steam  Cylinder  Lubricators, 
No.  863. 


Mitton's  Patent  Lett  Fact  Pressure  Gauge. 
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Furnaces 


POETTER   &   CO., 


Telegraphic  Address: 
••  Mallmaxx,  London." 

Telephone  \  umber  : 

Westminster. 


Civil  Engineers  and  Contractors, 

116,    VICTORIA    STREET,   WESTMINSTER,    S.W. 

Sole   Representative        -        P.   J.    MALLMANN,   M.A.,    C.E. 


New  Continuous  Re-heating   Furnace 

of  American  Type,  with  our  own  Improvements. 


No  Smoke  Development  with  our  Air  Heating  Apparatus,  using  gas  or   half 
gas,  or  with  direct  firing. 

Regenerative  and  recuperative  system. 

Output  30  to  200  tons  per  day  of  twelve  hours. 
Superior  to  the  Furnaces  now  in  use. 

One  Furnace  can  replace  two  to  three  Furnaces  of  the  usual  construction. 
Economy  of  Fuel:  50  per  cent. 
Great  Reduction  of  Waste. 

Fifty  to  Seventy  per  cent,  reduction  in  cost  of  labour. 
Working"  of  Furnace  exceedingly  easy. 
Repairing"   work  reduced  to  a  minimum. 
Initial  Cost  of  laying  down  Plant  very  moderate. 

Applicable  for  re-heating  ingots  and  half-finished  material  of  all  dimensions. 
Results    obtained    by    the   trial   working   of   our   new    Continuous  Re-heating 
Furnace  in  a  Plate  Rolling  Mill  for  several  months: — 

Odtput  in  twelve  hours         ...         ...         ...          ...         105  tons. 

Waste     ...         .  ...         ...         ...         ...         ...  4  per  cent. 

Consumption  of  Fuel  per  day  :— 

Without  night  coal     ...  . ..  ...  ...         9  tons  (9,000  kilos). 

Including  night  coal  ...  ...  ...  ...    102  tons  (10,200  kilos). 

Furnace    hands   required,   including    handling   cold   and  removing  heated 
blocks : — 

per  day      ...         ...         ...     7  men. 

per  night  ...  2  men. 

Coal  Slack  of  Gas  Coal  used  for  firing. 


The     Furnaces    are     supplied    ready    to    be    started. 


Correspondence    Invited.      Estimates    on    Application. 
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Bennis  Stokers 


-I      '" 


BENNIS    STOKERS,    CONVEYING    AND    ELEVATING    PLANT,    ON    CORNISH,     LANCASHIRE, 
AND    WATER-TUBE    BOILERS. 


Furnaces 


j  ■  r    ■  »i 


/  We  Build  \ 

I  FURNACES.  I 

For : — 

Specialities  s — 

CASE-HARDENING, 

"WEARDALE"  FURNACE. 

FORGING, 

ROSS  &  GIBSON'S  PATENTS. 

RE-HEATING, 

CALCINING, 

RIVET  HEATING, 

etc.,  etc. 

W.  F.  MASON,  Ltd., 

ENGINEERS, 

MANCHESTER. 
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Destructors 


ntldWM  BROS  LTD 


TTmberley  near  fl\anchestev>- 


Weekly  Run  at  Burnley  with 


MELDRUM  SIMPLEX  DESTRUCTOR 


Week   ending  Sunday,   April  3rd. 


One    4=grate,    with     Lancashire    Boiler,    200  lbs 

MONDAY 

TUESDAY 

WEDNESDAY 


pressure. 


15,380    gallons  evaporated. 
13,940 


THURSDAY 
FRIDAY 
SATURDAY 
SUNDAY 


13,080 
14,850 
13,650 
14,540 
10,590 


96,030 


REFUSE    BURNT  =         =         -         -         Tons  266     16  cwt. 

AVERAGE    EVAPORATION    FROM    BOILER 

10,000  lbs.  per  hour,  from  noon  to  midnight. 


This  illustration  shows  half 
the  plant  destined  for  Johan- 
nesburg erected  in  our  shop 
before  being  shipped. 


TIMPERLEY,     MANCHESTER, 


AND 


66,  VICTORIA    STREET, 
WESTMINSTER, 

LONDON. 
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Destructors 


HORSFALL  DESTRUCTORS 

HAVE    BEEN    ADOPTED    IN 

EVERY    TOWN   SHOWN   ON 
THIS    MAP-WE    CAN    SHOW 

NEW    PLANTS   WITH 
EVERY    MODERN 
IMPROVEMENT    AND 
OLD    PLANTS    IN 
GOOD  ORDER  AFTER 

15  YEARS' 
SERVICE 


To  BaussC'.s 


•St***  r 

— The    Horsfall    Destructor   Company    Limited — 


— Armley-      LEEDS- 


— Telegrams:  "  Destructor    Leeds 


— Telephone  2006  ©entrav 


-©ODES:    ABC    5th   Edition)  and  Lieber's  Standard — 
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mmm    Bridges  and  Roofs 


MACHINERY  for 
ECONOMIC  HANDLING 
of  MATERIALS. 


DE8IGNED   AND    BUILT    BY 


5-ton  ELECTRIC  TRAVELLING   CANTILEVER  CRANE 

For  Stocking  and  Loading  Material.    Span,  325  ft. 


The  Brown  Hoisting  Company. 

London  Office — 

39,  VICTORIA  ST.,  S.W. 

Main  Office  and  Works — 

CLEVELAND,  OHIO,  U.S.A. 

New  York  Office — 

26,  CORTLANDT  STREET. 


More  durable  than  iron.  Cheapest  for  all  spans  up  to  100  Feet 


D.   ANDERSON    <3   SON,   Ltd., 


LAGAN     FELT    WORKS.    BELFAST,    and 
FINSBURY    PAVEMENT     HOUSE.    LONDON.    E.C. 


68 


(SMKDElf    Bridges  and  Roofs 


Motherwell.  Scotland. 


^^ 


STEEL  &> 
BOOFt*- 
^FBBIPGE 
BU1U7EI25? 

5TRUCIU1BIJ 
EEhfilMOBS 


XAY.  MOTHES 


AllKimps  or 


■> 


HYPEA0L1C 


PBE5SEI>5TI"L 

/ ^    v  ■» • ■» 


roiz  12:^  t\w 


Railway  bcipc-k  s 


BUILPIN65  ex. 
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Jll  ff 


€U3B 


"»'   '  VT" 


.@MG1  ff  Electric  Cranes,  &c.  : 


— 


"■ 


Electric  Cranes 


up  TO 


100  TONS 


CAPACITY. 


SEND      FOR      OUR     NEW 
CATALOGUE. 


THOMAS   BROADBENT  <S  SONS, 

HUDDERSFIELD. 


Limited. 


CRANE  WEIGHERS. 


OURS  STILL  LEAD  FOR  ANY 
NATIONAL  STANDARD. 


S.DENIS0N&S0N, 

Hunslet  Moor, 

Near    LEEDS. 
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Cranes 


JOSEPH  BOOTH  &  B 


ROS 


LTD., 


Rodley,    LEEDS, 

For  Cranes  and  Lifting  Machinery,  <5c. 


20   Tons  Steam    Locomotive   Cranes  with   Excavator. 


Locomotive  Cranes 
Overhead  Cranes 
Goliath  Cranes 
Wharf  Cranes 
Derrick  Cranes 


WORKED    BY 


Electricity, 
Steam, 

Hydraulic 

Power, 

Air,  or 

Hand. 


Makers   to    Home,   Colonial,   and    Foreign    Governments. 

Crown  Agents  for  Colonies  and  all  the  Leading  Firms  in  Great  Britain. 

INQUIRIES     SOLICITED. 

7i 


Iron  and  Steel 


.i»  in      ii 


Everywhere 


on  earth  -where  wrought  iron  pipe  may  he  found,  yon 
will  "run  up  against"  the  Yulean.  Yuleans  offer  only 
advantages  that  are  seasoned.  If  a  man  or  "master" 
tells  you  that  the  Yulean  lasts  "twice  as  long  as  — " 
you  "get  it"  truthfully.  We  won't  build  a  poor  tool. 
Our  record  must  remain  good,  and  your  safety  and 
satisfaction  must  he  assured.  We  hold  the  -world's  "  Pipe 
Wrench  favour  "  en  just  those  lines.  Sizes  for  J  in.  to  18  in. 

J.  H.Williams  &  Co,    Drop=    Brooklyn,  Hew  York, 

forgings  only. 

Machinery  Building,  St.  Louis  Exposition. 


ON    ADMIRALTY    LIST. 


Telegrams  :   "CRANKS.   LINCOLN. 


FOR    CRANKS 
&  FORGINGS 
OF   EVERY 
DESCRIPTION 
WRITE  TO 


CLARKE'S 
CRANK    & 
FORGE   CO., 
LTD.,  LINCOLN, 
ENGLAND. 


zs 


msllnmMElM       Iron  and  Steel 

I : 1 Jk ■ ■ L. 


jf      Contractors  to  the  Admiralty, 
^     War  Office.  &  India  Office. 

■^  It     may      not      be     generally     known,     but 

JN  there     are     over     40     of     H.M.     War  fc 

^  Vessels     furnished     with     fitments     manu-  ^^ 

3  factured  bv  our  Drop  Stamping  Process.  ft 

^^  We      have      also     supplied      fitments      for  -    w 

several    Japanese    Vessels.  V^Z 

*  I 

V     THOS.  SMITH  &  SONS  of  ,.>,„,  .,,..    <g 
Q  BIRMINGHAM.       ? 

EDGAR  ALLEN  &  CO.,  LTD 

TOOL  STEEL,  SAW  &  FILE  MANUFACTURERS,  &  STEEL  FOUNDERS. 

SOLE    MAKERS    OF    .    . 

\^-*^f  The  EDGAR  ALLEN 

(AIMMHJEMN& 

M^^^^^^\         TRADE    MARK  GRANTED   1885 

HIGH-SPEED  TOOL  STEEL  AND  TWIST  DRILLS. 

Allen's  <««£>  Manganese  Steel 

CASTINGS  &  BARS  for  TRAMWAY  POINTS  &  CROSSINGS,  DREDGER  PINS  &  BUSHES,  ORE  CRUSHERS,  &c. 

CORRESPONDENCE      INVITED. 

Imperial  Steel  Works,  Tinsley,  SHEFFIELD. 
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Iron  and  Steel 


Farnley  Iron 


Farnley  Bar  Iron  is  used  in 
Mining  for  pit  cages,  suspending 
gear,  and  other  important  parts, 
and  on  all  the  leading  Railways 
in  Great  Britain,  India,  and  the 
Colonies,  for  shackles  and  other 
vital  parts  subjected  to  repeated 
shocks. 

Farnley  Iron  will  stretch  cold 
from  li  in.  to  2|  in.  in  a  length 
of  6  in.  before  fracture,  and  is 
safest  for  welding. 


Address:  The  Farnley  Iron  Co.,  Ltd.,  Leeds,  England. 


HerbertWPermL™ 

fipoDGAf£Sfv/oito 
BiRmiHCHam. 

TELEGRAPHIC  ADDRESS 

"FLOODGATE"  BIRMINGHAM. 

TELEPHONE     N°  373. 

STOCK     250.000.    CROSS 
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Iron  and  Steel 


SAMhBuXKLEY 


<T> 


Ite    STYRIAN  STEELWORKS     °« ^ 


SHEFFIELD. 

CORRESPONDENCE  SOLICITED.       PROMPT  REPLIES.        PROMPT  DELIVERIES 


Head  Office 

St  Paul's  Square 

Birmingham. 

*'  * 

••* 


*\ 

Waterloo  Chambers 

19 Waterloo  Street, 

Glasgow. 

V 


:W- 


§£« 


OF  EVERY  DESCRIPTI  ON  OF  V 

Crucible  (ast  &  Mild  Steels 


PROMPT  REPLI E  S . 


PROMPT  DELIVERIES 
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Iron  and  Steel 


INQUIRE 


FOR 


MOORE 


AND    .    . 


HEAD'S 
PULLEY 
BLOCKS 

AND    .    . 

HOISTS 

.    .    FROM    .    . 

™      ORIGINAL 
PATENTEES 

HEAD, 

WRIGHTSON, 

&  Co.,  Ltd., 

.    .  THORNABY-ON-TEES  .    . 
.    .    STOCKTON-ON-TEES    .    . 
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Iron  and  Steel 


CONSETT   IRON    COMPANY  L 


WORK  S 


-    CONSETT    C   DURHAM 


Steel    Plates  &  Angles 

(Siemens    Acid   Process). 

Tees,  Bulbs,  Zeds,  Channels,  Bulb  Tees,  and  Angles, 

ROUND,    SQUARE    AND    FLAT   BARS. 

STEEL    CHEQUER    PLATES 

BESSEMER     PIG     IRON.  Oval  and  Diamond  Patterns. 


WEEKLY     OUTPUT 


Steel    Plates 
Angles 


2,500  Tons. 
1,500 


COAL  OWNERS  and  Makers  of 

£     £      FirebricKs,  CoKe,  6c,  for  Blast  Furnaces  and  Foundries. 


Material   of  the  HIGHEST   QUALITY   manufactured,   such  as  is  used   by   the   British   and   Foreign   Governments  for 

Shipbuilding   and    Engineering   purposes. 


Offices 


CONSETT  DU«H*"  andnewCASTLE  "TYNE 
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Iron  and  Steel 


->■•■  ■     ■-  ,n. 


WALTER    SCOTT,    Ltd., 


LEEDS     STEEL  Telegrams: 

, "Bessemer, 

WORKS     .      .      .  Leeds." 

LEEDS,  ENGLAND. 

Manufacturers  of    .    . 

Rolled  Steel 
Joists, 
Channels,  etc. 

Mild  Steel  Blooms,  Billets, 
Slabs,     Tinbars,     Rounds, 

and  Flats. 

Speciality: 

^Tramrails. 

Books  of  Sections  and  other  information 
on  application. 


++++*^ 


C/rankshaf ts  and  r  orgings 

(ON  ADMIRALTY,    WAR    OFFICE,    6c,    LISTS.) 


BENT  CRANKS  (Square  or  Round)  FOR  MARINE  and  OTHER  PURPOSES. 


>f*  %h, 


WOODHOUSE    AND     RlXSON, 


SHEFFIELD. 
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Miscellaneous 


c* 


JOHN    Z.     THOM. 


Why  do  you  pay  9d.  to  I/-  per  1,000  gallons 
for  water,  when  you  can  pump  it  for  less  than  Id. 
from  an   Artesian   Well   on   your   own   premises? 

Let  me  know  the  amount  of  water  you  require 
and   I   shall   be    pleased    to   quote. 


F^ATRICROFT 


Boltons'  Downtake 
Superheater 


WITH   DOUBLE 
CIRCULATION. 


IMPROVED    BOX   AND      FIELD"  TUBES.    (Patented) 


Simple  and  Reliable. 

Saves  10  to  15  <>/«. 

Is  made  of  Steel 

throughout. 

A  large  number 

working  in- 
Textile  Mills, 
Paper  Works, 
Collieries, 

Electricity  Stations, 
Flour  Mills,  etc 

Suitable  for  any 

Workinsr  Pressure 
up  to  200  lbs.  per 
square  inch. 

Approved  of  by  Lead- 
ing Engineers  and 
Insurance  Co.'s. 

REPEAT  ORDERS 

BEISQ    GIVES, 


Readily  Applied. 


Inexpensive. 


Patentees  and  Sole  Makers  -.— 


A.    BOLTON    &   CO., 

engineers  and  Superheating  Specialists, 
49,  Dcansgate,  MANCHESTER. 


WAYGOOD 
LIF  TS. 

JSs  Special  appointment  to  Ib.dd.  tbe  fang. 


rv>  s 


gP 


' 


Electric,  Hydraulic,  Belt  Driven,  Hand 

LIFTS   &  CRANES. 

Falmouth    Rd.,   LONDON,    S.E. 
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Tubes 


MANUFACTURERS     OF 

Weltlless  Steel 


and  .  .  . 


Iron 
Tubes, 


Steam  Pipes,  Hydraulic 
Tubes,  Boiler  Tubes 
High  Pressure   .   . 
Steam  Mains, 


HOLLOW  FORGINGS. 
COLLARS.  FERRULES 
BUSHES.  LINERS. 
COUPLINGS.  AXLES. 
PISTON  RODS. 
Etc..  Etc., 
Quoted  for  on  .  . 
receipt  of  .  .  . 
particulars. 


•  •  FOR  •  • 


Super-heaters 

A  SPECIALITY. 

Contractors  to  the  War  Office 
and  Admiralty. 

Tubes  Limited 

BIRMINGHAM. 

Nat.  Telephone  No.:  2582.    Telegrams:  "Cylinders.  Birmingham." 
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w( 


Tubes,  &c. 


] 


Thomas  Piggott  &  Co.,  Ltd., 


ATLAS   WORKS, 
SPRING   HILL, 
BIRMINGHAM. 


GAS,  HYDRAULIC  and 
GENERAL  ENGINEERS. 

0   S   S 

Gas  Plants  and  Construc- 
tional Ironwork  of  all 
descriptions. 

Columns  Girders,  Castings. 

Welded  and  Ri  vetted  Steel 

Pipes. 
Stamped  and  Steel  Angle 

Flanges. 
Steel  Chimneys  of  all  sizes 

and  designs. 
Tanks  in  Steel  or  Cast  Iron 

for  Petroleum  &  Water. 
Pans   for  Sugar,   Casssda, 

Ac,  for  all  Markets. 

*     *     * 

London  Office: 

63.  Quesn  Victoria  St .  EC. 

Telegrams  : 
•'  Atlas,  Birmingham." 
"  Intersection,  London." 

ABC  and  Ai  Codes  used. 


Steel  Lattice  Girder  Bridge,  in  one  span  of  115  feet  10  inches,  12  feet  deep,  and  13  feet  wide,  erected 

over  the  River  Teme  at  Ludlow,  and  carrying  Welded  Steel  Main  3  feet  6  inches  diameter, 

for  the  Birmingham  Welsh  Water  Scheme. 


LAUNDRY  MACHINERY 


Also 


COOKING 
APPARATUS 

Catalogues  on  Application. 

W.  Summerscales  &  Sons,  Ltd., 

Phoenix  Foundry,  KEIGHLEY,  England. 
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Miscellaneous 
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Fried.  Krupp 

A  ktiengesellsehaft 

Grusonwerk. 

Magdeburg-Buekau. 


Crushing 
Mining 


Machinery. 

LARGE  TESTING   STATION  at  the  WORKS. 
CATALOGUES  ON  APPLICATION. 

Sole  Representative  for  Great  Britain  and  Ireland  : — 

25,  COLLEGE   HILL, 
j    CANNON  ST.,  LONDON,  E.C. 

THE 


"DRUM" 

PUMP. 

JOHNSON'S        PATENTS. 


Write  jor  Catalogue  63. 


POSITIVE    ACTION. 

NO    VALVES. 
HIGH     EFFICIENCY. 


Skctiox  of  "Drum"  Tump. 


DRUM 
ENGINEERING  CO., 

27,  Charles  St., 

BRADFORD. 


• 


KARMAL  PACKING 

Always  Lubricating. 

Never  gets  Hard. 

Will  Stand  any  Pressure. 

ROKO    BELTING 

(TWO  PATENTS) 

Unfrayable   Edges 
Unwearable  Pile  Surface. 
Does  not  Stretch  or  Crack. 


fRADE 

11 

% 

Mark 

\ 

F3 

i  {A 

1 

■:^\%  ' 

1   p  A 

!.    ■    : 

'  v  . 

27    HIGHEST    AWARDS. 

S-'  *  r    *  \  '  •) 

Sole  Proprietors  and  Manufacturers  : 

1HE  FRICHONLESS  ENGINE  « 
PACKING  Co.,  Ltd., 

Hendham   Vale  Works, 

MANCHESTER. 


Miscellaneous 


THE  ROSSENDALE  BELTING  CO.,  L 

10,   West  Mosley  Street,  MANCHESTER. 
LONDON  Showrooms:    117,   Queen    Victoria    Street. 


TD., 


Telegraphic  Address: 
"HAIR,    MANCHESTER." 


PATENTEES  AND 


Telephone  No. : 
2656  MANCHESTER. 


SOLE    MAKERS 


OF   THE  • * 

M.A.Y.  BELT, 

The  STRONGEST   and  BEST   DRIVING    BELT. 

Unrivalled  for    .    .    . 

DURABILITY,     EFFICIENCY,     STRENGTH. 

Every  Belt  Guaranteed.  Catalogue   on    application. 


T 


J.B.Treasure&C0- 

Excelsior  Fire-Polished 

GAUGE    GLASSES, 

LUBRICATORS, 
INDIA  RUBBER    WASHERS, 

&c,  Ace. 

Vauxhall  Road,  Liverpool. 


PHOTO-PRINTS 
IN  TWO  MINUTES 

By  Electric  Light  in 
your  own  office.       •# 

SSO     MACHINES     IN      USE. 


Full  Particulars  on  application  to  the  Original 
Inventors ;— 

B.  J.  HALL  <3  CO., 

Drawing  Office  Stationers, 
39,  Victoria  Street,  LONDON,  S.W., 

And  at  32,  Paradise  Street,  Birmingham. 


Telephone: 

No.  2426    GERRARD. 


Comlinson  $  Co., 

ELECTRICAL  ENGINEERS  and 

WIRING    CONTRACTORS. 


40,  PAGE  STREET, 
WESTMINSTER,  LONDON,  S.W 
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'"I  III"'  JIL. 


U. =-*JH 


JOHN   HARDISTy, 

M.I.C.E.,   M.I.M.E., 
10,   INDEPENDENT   BUILDINGS, 

FARGATE,    SHEFFIELD, 

MACHINERY     VALUER. 

Telegrams:  "  Hardened,  Sheffield."  Telephone  3/S6. 


HARTNESS 

AUTOMATIC  OPENING  DIE 

The  most  satisfactory  means  yet  devised 
for    the   production   of    screw   threads. 

JONES  &  LAMSON  MACHINE  CO., 

JUBILEE    BUILDINGS, 

97,  Queen  Victoria  Street,  LONDON. 


THE  BRUUN-LOWENE 

WATER  -SOFTEi 


-PROTECTED    BY    LETTE 


LE 


AUTOMAT'C 

*  ">    ~> 

RELIABLE 


OVER  1000  PLANTS  IN 
TREATING-  MILLIONS  OF  G 


uaair/^fe 


TREATING-  MILLIONS  OF  GALLONS  OF 

sole   *ANoFAcruft£its  WATER 

LESSEN  cVHJORT, 

ENGINEERS 
52,Ql/EEN    VICTORIA  ST,  LONDON, 
-  *>->  EX. 


Carbo-Silica 


(PATENT) 


Refractory    Bricks    and 
Blocks  for 


Furnaces 


for  temperatures 

OVER  3,500°  Fahr. 

E.  J.&J.  Pearson 

LTD., 

STOURBRIDGE. 


teSS$T 

MAY'"-18" 


The  "Eureka" 

SANITARY 

Copying-Cloth  Bath. 

For  use  in    taking  copies  of    Letters, 
Invoices,  etc.,  in  ordinary  Letter  Books, 
and  for  all  kind-;  of  Press  Copy- 
Is  now  acknowledged  to 
be    superior    to    every 
other  device,  and 
has  been  adopted 
in      the      leading 
offices  throughout 
(he  world. 

Gives  perfectly 

clear    and    legible 

copies     while    leaving    the 

originals  free  frcm  blurs  or  stains. 

A  suitable  outfit  will  be  sent  for  trial  willingly,  and  taken  back 
free  of  any  ch  irge  if  not  approved, 

OUR   "CROWN"   SPECIALITIES. 
Duplicator,   Pen-Carbon  Paper, 

Typewriter  Carbon  Paper,  Letter  File, 

and  "Eureka"  Stamp  and  Envelope  Moistkxi-r  are,  like  the 
"  Eureka  "  Copying  Bath,  the  best  of  their  kind  on  the  market. 
Prices  ami  I'arlieiilars  OH  Appli, alion. 

Rayward   Brothers, 

81.    QUEEN     VICTORIA    ST.,     LONDON.    E.C. 


Sizes 

Suitable  for 
All 
requirements. 
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W.H.WILLCOX<SCo.,Ltd.    • 

23,  34  and  36,  SouthwarR  Street,  LONDON. 

PENBERTHY    PATENT   INJECTOR 

For  ALL  Boilers. 

OVER    250,000    IN    USE. 


Acknowledged  the  best  for  Traction 
Engines,  &c. 


HANDLES    HOT    WATER.  Will  Deliver  at  Boiling  Point. 

WorKs  on  High  and  Low  Pressures. 
AUTOMATIC   and   RESTARTING.  Lifts  up  to  22  ft. 

IN     3     STYLES     AND     16    DIFFERENT     SIZES. 


<§ 


BRASS  LABELS  &  TIME  CHECKS 

MarKs,  Name  Stamps,  Branding  Irons, 

Sets  of  Letter  and  Figure  Punches, 

Embossing  Presses  and   Dies,  Seals, 

Brass  Name  Plates,  Stencil  Plates, 

Moulders'  Letters  and  Figures  in  Great  Variety. 

EDWARD  PRYOR  &  SON,  68,  West  Street,  Sheffield. 


TWO    STOKERS, 


A  and  B.  worked  successively  at  an  annealing  furnace.  While  A  was  firing,  the  furnace  received  attention  about 
every  25  minutes  ;  and  while  B  was  firing,  the  coaling  took  place  about  every  hour.  These  facts,  and  the  corresponding 
variations  in  the  temperature  of  the  furnace,  are  quite  clearly  seen  from  the  accompanying  illustration,  which  is  a 
copv  of  the  chart  automaticallv  registered  bv  one  ot  our  CALENDAR  RECORDERS,  working  in  conjunction 
with  an  ELECTRICAL  RESISTANCE  THERMOMETER  placed  in  the  furnace. 

On  request,  we  will  send  full  information  regarding  Recorders  and  Electrical  Thermometers. 


1M  Cambridge  Scientific  Instrument  Co., 

mom  Mima  omte,  CAMBRIDGE. 


LTD. 


Condon  Office:   92,    HATTON    GARDEN,    E.C. 


Miscellaneous 


Telegrams  i 

"  TELOTYPE,     LONDON." 

Telephone    No,  .- 

976     BANK. 


WALTER  JUDO,  LTD.,  MAKE  A 
SPECIALITY  OF  ENGINEERING 
FIRMS'  ADVERTISEMENTS,  AND 
ARE  PREPARED  TO  SUBMIT 
ESTIMATES  AND  DESIGNS  FREE 
OF   CHARGE. 


Whether  you  want  Shorthand  for 
your  own  use  or  for  use  in 
your  office — . 

Printed  inter=readable 
notes  are  a  distinct 
advantage. 

For  particulars  (free)  or  Instruction 
Book     (6dJ,     Write      to      Dept.      E, 

Head  Office,  25,  Southampton 
Row,  LONDON,  W.C. 


The 

Stenotyper 

Shorthand 

Machine 


Gives   a   printed 
permanent 
record    readable 
by  others. 


Pelton  Wheels 

AND  .  .  . 

L  Turbines 


OF    ALL 
DESCRIPTIONS. 


m&> 


GILBERT  GILKES  &  C< 

KENDAL. 


Telegrams: 

"  Machixeky." 

ESTIMATES 

(IIVEN   FOR  THE 

EQUIPMENT 

OF 

ENGINEERING 
WORKS. 


Write  for  .our  "t'.Ki  a  s  " 
POCKBT  CATALOOl  Kl. 


so 


Miscellaneous 


IT  IS  NOT  WORK  THAT  KILLS  MEN,  IT  IS  WORRY. 


OFFICE    TYPEWRITING    PAPER  1  I  I 


Every  Sheet 
bears  this 
Watermark,  (j^~ 


0*kle/ 

Fsa® 


Sole  Manufacturers  and  Proprietors 


Manufactured  in 
Laid  and  Wove 
FOUR       - 
THICKNESSES. 


LEPARD    AND    SMITHS,    Ltd, 

29,     KING     STREET,     COVENT     GARDEN,     LONDON,    W.C 

Instruct  your  Stationer  or  Printer  to  supply  this  Paper  only,  or  if  unable    to  obtain,    write 

direct  to  us,  and  we  will  gladly  send  specimens  and  the  name  of  the  nearest 

Stationer  who  can  supply  you. 


The 

OLIVER 

STANDARD  VISIBLE  WRITER. 


The  Machine  preferred  by    Engineers  because  it  is  built  their 

way,  which  means  the  correct  way.    Used  by  leading  Engineering 

Firms,  including:  — 

Messrs.  Stewart  and  Lloyd,  Ltd. ;  Sturtevant  Engineering  Co. ;  Jas.  Keith 
&  Blackmail,  Ltd. ;  Vickers,  Sons  &  Maxim,  Ltd. ;  Merry  weather  &  Sons, 
Ltd. ;  Meldrum  Bros.,  Ltd. :  Edison  &  Swan  United,  Ltd. ;  &c  .  &c. 

THEY   know  its  value.  Send   for  Catalogue. 

OLIVER    TYPEWRITER   COMPANY, 

LTD., 

75,   Queen  Victoria  Street,   LONDON,    E.C. 
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"New  Zealand 
Mines  Record." 


PRICE    Is. 


£!  A  MONTHLY  JOURNAL  issued  by  the  New 
Zealand  Government  Mines  Department, 
containing  information  respecting  the  Mining 
Industry  in  New  Zealand,  abstracts  of  Geological 
Reports,  Reports  from  the  Wardens  of  the  Gold- 
fields,  and  Reports  of  the  Inspectors  of  Mines, 
&c,  &c. 


3 


Copies  can  be  obtained  at  the  New  Zealand 
Government  Office,  13,  Victoria  Street,  S.W.,  and 
Messrs.  Eyre  and  Spottiswoode,  East  Harding 
Street,  Fetter  Lane,  E.C.  ;  also  of  Messrs.  Street 
and  Co.,  30,  Cornhill,  E.C. 


•8)      fl* 

=?i^F  *W*  *W  ***«•  W  W  *W*  **W*  *W  "ft**  W  ^(P  "W  *W  "W  *?i«*  *?ft*  [P 


'  TRADE  IN  SOUTH  AFRICA."* 


ENGINEERING   FIRMS,  MANUFACTURERS,  and 
MERCHANTS  desiring 

TRADE   IN   SOUTH   AFRICA, 

and  ALL  desiring  Official  and  Exclusive  Information 

concerning  the  Mines  and  Commerce  of  those  vast  Colonies  should 

Advertise  in,  and  read, 

"SOUTH  AFRICAN  MINES 
COMMERCE  AND  INDUSTRIES." 

Established    1891. 

Published  weekly  in  Johannesburg,  price  6d.     With 

which  is  incorporated  the  old  South  African  Mining 

Journal. 

The  Official  Journal  of  the  CHAMBER  OF  MINES  and  of  the 
GOVERNMENT  RAILWAY  and  AGRICULTURAL  Depart- 
ments, and  is  the  leading  TECHNICAL  and  COMMERCIAL 
Paper  published  in  South  Africa. 

This  Journal  is  published  on  the  spot,  and  goes  right  into  the 
hands  of  the  buyers  of  their  goods. 

"It  Covers  the  whole  field  of  South 
African  Commerce." 


Advertisement  Tariff  and  Subscription  Rates  can  be  obtained  from 

HECTORSON  AND   CO., 

81,   Bishopsgate    Street    Within,    London,    E.C, 

THE    SOLE    AGENTS    FOR    GREAT   BRITAIN. 


Sankev's  Fire  Bricks  and  Fire  Cements. 


Every  Description    of  FIRE-CLAY  GOODS, 


STOCK    UNEQUALLED. 


VARIOUS  BRANDS. 


Engineers'    Designs    made    to    Order  of   the   best 
Fire=resisting  Materials. 

WRITE     FOR      NEW     CATALOGUE. 


J.   H.    SANKEY   &    SON,   Ltd.,  JS  Essex    Wharf,    CANNING    TOWN,    E. 

ESTABLISHED      185Z. 

high-grade."      THE    "DIAMOND"    TWIST     DRILLS.        warranted. 

The  Cheapness  of  a  Drill  depends 
upon   its   Durability. 

If  you  cannot  get  these  Goods  from  your  Dealer,  apply  to  the  Makers — 

THE    WHITMAN   &    BARNES   Manufacturing     Co., 

149,    QUEEN    VICTORIA    STREET,     LONDON,    E.C. 


100  Drills  at  4s.  each  are  dearer  than 
75  Drills  at  5s.  each  of  the  same  sire 
if  these  will  do  the  same  amount  of  worR. 


PLAN-COPYING    PAPERS    and    LINENS. 

Wiite  Unas  on  Blue  Ground  ;  Blue  Lines  on  White  Grouad  ;  Black  Lines  on  White  Ground. 


PRICE    LIST    ON    APPLICATION. 

New  Catalogue   In  the  Press.     Price  Is.,  post   free. 

MANUFACTURERS  OF  PHOTOCRAPHIC  DRY  PLATES,  PA.PER.S,  IV|0UfJTS,  CAMERAS.  AND  SUNDRIES. 

MARION       Ci      Co.,      Ltd.,       22,  23,  Soho    Square,  London,  W. 
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IMPROVED 

<\utorr|atic 
Numbering 
Machiqe 


STEEL  WHEELS 


Inexpensive 
Fi-st-class 

Machine 


OUR  SPECIALITIES:— 


Perforating  Presses 

Embossing         „ 

Company  Seals 

Steel  Dies  &  Punches 

Wrot-iron  Brands 

Patent  Stencil  Drums 
&  Stencil  Plates 

ENGINEERS 

INSTRUCTION 
and  NAME  PLAJES. 


THE     RUBBER     STAMP    COMPANY, 
14,   Broad  St.   Corner,   BIRMINGHAM 

MORETON'S  E.G.  PAINT. 


(ELECTRO    GALVANISING.) 
Unequalled  for  .     . 

Coating  all  kinds  of  Machinery. 

Ask  for,  and  see  you   get   the    only   genuine. 
Guaranteed  m^sA  to  withstand 

heat    up    to  1^" — ^2ft         400  degrees 

Fahr.,  and  is     ^^H.  Moreton^^    not  affected 

by    climatic  ' ^^^^"^     conditions. 

THE    PAINT    THAT    WON'T    COME    OFF. 

Send  for  Sample  of  the  Sole  Manufacturers  — 

The  Metallic  Paint  Co.,  Ltd.,  Cardiff. 


Friction    Couplings 
and   Pulleys 

(King's  Patent). 
a  Eight  Sizes,  from 
.i  to  1.000  H.P.  for 
Gas   Engine   and 

Dynamo  Drives, 
Hoisting  and  Wire 

Drawing,  ttc. 
Prices  and  Particulars  on 
Application  to 

H.J.H.KING&Co 

Engineers. 
Nailsworth,  Glos. 

London  Agencv : 

P.  S.  Burr.  85.  Grace- 
church  St.,  E.C. 

Agents  for  Dundee  : 

Geo.     C.    Douglas     fir 
Co.,  41,  Reform  St. 

Agents  for  India  : 

D.  Furdoonji  CP  Bros. 
Apollo  St.,  Bombay. 


"  He  who  worKs  with  bad  tools 
thrice  tired." 


1 


FOR  WRITING 


the  only  perfect  tool 
is  a  .  .  . 


"SWAN" 


The  gold  nib  makes 
writing  rapid  and  easy. 

double-feed 

reservoir     make 

useless.       J* 


SUPPLIED  JIN      Broad   easy  running  for  correspondence 
ALL  POINTS.      Fine   for   draughting.        J*        J*        J* 

CATALOGUE    POST    FREE. 

MABIE,  TODD  &  BARD, 

93,  Cheapside,  LONDON,  E.G. 

BRANCHES:—  ~ 

95a,  Regent  Street,  W. ;  and  3,  Exchange  Street,fManchester. 
And  at  New  York,  Chicago,  and  Paris. 
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Southwood,  Smith  &  Co., 

Ltd., 
6,  7,  8,  9,  PLOUGH  COURT, 
LONDON,  E.C. 
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WHAT  ONE  OF  OUR 

ADVERTISERS  THINKS  OF 

PAGE'S  MAGAZINE." 


Advertising  Department, 
"Page's  Magazine," 
Clun  House, 

Surrey  Street,  Strand,  W.C. 


June  8th,  1904 


Dear  Sirs, 

Conforming  to  the  promise  made  to  your  Advertising 
Manager  a  few  days  ago,  we  have  much  pleasure  in  giving  you 
the  following  facts,  in  writing,  and  over  our  signature  :  — 

During  the  month  of  May,  amongst  others,  we  received 
inquiries,  naming  "Page's  Magazine",  from  Western  Australia, 
Dublin,  Belfast,  Glasgow,  and  from  one  of  H.M.  Ships  in  the 
Mediterranean.   Four  out  of  these  five  gave  us  orders  for  our 
Daniel's  automatic  rod  packing. 

It  gives  us  great  satisfaction  to  say  this,  as  also 
to  feel  that  we  are  getting  value  for  our  money,  which 
is  something  to  say  nowadays,  when  one  considers  the 
numerous  advertising  propositions  that  are  continually 
brought  under  one's  notice,  so  many  of  which  prove,  upon 
trial,  to  be  but  an  expense,  and  not  an  investment. 

Yours  faithfully, 
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Office  Appliances 


Shannon 
Systems. 


SEE   THAT    SLOT? 

Be  sure  and  get  that 
perforation  when  .  . 
adopting  the  CARD 
INDEX. 


There's  no  Drawing  Out  Rod. 
No  Duplex  System. 
Just  a  Single  Flat  Rod. 
Extremely  Simple  and  Effective. 

If  you  keep  your  records  on  Shannon  Cards  you  will  be  able  to  lock  your 
cards,  remove  and  replace  them  without  any  trouble  whatever. 


Copy  your  Correspondence  on  the 

SHANNON    Rapid    Roller    Copier. 

Then  your  letters  will  not  be  blurred.     You  will  save  time  and  have 
copies  as  clear  and  distinct  as  the  original. 

File  the  Copies  and 
Original  Letters  together 
on   the 

SHANNON 
-m  File. 

The  Letters  are  Bound 
and  Safe,  and  can  be 
referred  to  instantly. 
Can  you  do  this  on  a 
loose  system  ? 


Letter  Copier. 


Shannon  Correspondence  Filing  Cabinet. 


Write  for  Complete  Lists  or  Call  at  our  Showrooms. 

Thc  Shannon  Ltd., 

Head  Offices  and  Showrooms  : 

Ropemaker  St.,   LONDON,    E.C. 

F.   w    8CHAFER,   Managing   Director. 
92 


f^ilRmM 


^F 


Business    Systems 


When'   men  know  their  costs  and  they  know  their  worth. 
Then  they  know  their  rights  to  the  joys  of  earth. 


V.   COLEBROOKE. 
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THE  Jy   "DADE" 
PERPETUAL    SYSTEM 


for  Stock  and  Plant  Accounts  enables  you  to  know 
"worth"  at  a  glance,  and  is  the  only  practical  solution 
of  a   great    difficulty    in    Account    Keeping. 


TO    KNOW    MORE    ABOUT    IT.     WRITE. 


THE  TRADING  &  MANUFACTURING  CO.,  Limited, 

Devisers  and  Manufacturers  of  Business  Systems, 
TEMPLE    BAR    HOUSE, 

Telegrams:  "DEV/8ERS,  LONDON."  LONDON,       E.C. 
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Office  Appliances 
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,lf       Office    Appliances 


WHAT    IS    THIS  ? 


WHY    A    COMBINATION    FILING    OUTFIT  I 

(TRUCK    STYLE.) 


File  Your  Running  Correspondence 

IN     THE     RUNNING     CABINET, 

AND    IT   WILL    HELP 

To  Run  Your  Business. 
THE    LYLE    COMPANY,  Ltd., 

HARRISON    ST.,   GRAY'S    INN    RD.,    LONDON.    W.C. 
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Business  Systems 


2lo  *€ard &t/dtem  uOiU ' giOe  &atid factory 
Jte<fu/fd  Without  Perfect  Materta/d. 

L.S.Co.  Card  Cabinets  have  Special  Features  distinct  from  those  of  other 
makers. 

AUTOMATIC  GRAVITY  CATCHES.-An  important  accessory.  No  tray 
can  be  removed  accidentally  from  the  cabinet  and  upset. 

AUTOMATIC  GRAVITY  RODS.-  Quickly  released  or  replaced. 

PERFECT  ADJUSTING  ANGLE  BLOCKS.— A  perfect  device.  Can  be 
moved  freely  to  and  fro  in  the  tray  and  locked  instantly  at  any  point. 

CONSTRUCTION.— L.S.Co.  Cabinets  are  built  for  hard  wear.  They  are 
more  heavily  constructed  than  any  other  cabinets  on  the  market. 
Strongly  dovetailed  and  handsomely  finished. 

CAPACITY.— L.S.Co.  Cabinets  give  20  per  cent,  greater  capacity  than 
similar  cabinets  at  same  price. 

There  is  the  further  satisfaction  in  knowing  that  the  Best  Designed 
Cabinets,  with  perfect  mechanical  fittings,  are  of  British  Invention, 
made  by  British  Labour,  and  run  by  British  Capital. 


Catalogues    Post   Free    on   Application. 


L.S.Co.  (supply?.),  181,  Queen  Victoria  Street,  EC 
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Business  Systems 
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The 
FISHER 

BILLING 
MACHINE 

and 

BOOK 

TYPEWRITER 


This  illustration  shows 

13  Records  of  differently 

printed    forms,   varying 

in  size,  taking  in   every 

transaction,  from  the  order  with 

its  various  departmental  copies  to 

the  invoice  and  wagon  label. 


ELLIOTT-FISHER  CO., 

Office  System  Department, 
85,    Gracechurch    Street,    LONDON,     E.C. 


Telephone : 

4480  Avenue. 


FILL  IN   AND 

COT  THIS  OUT. 


Are  you  making  Invoices  with  Pen?  Pencil: 

Do  you  Press-copy  same? or  take  Carbon  copy? 

or  make  separate  entry  in  Sales  or  Day-book? 

Do  you  manufacture  and  ship  from  original  order  as  received? 
order  for  your  shipping  and  other  departments? 

Is  it  desirable  or  necessary  for  you  to  make  more  than  one  copy  of  your  orders  .- 

If  so,  how   many?  

Name 


or  Typewriter  i 

or  use  Manifold  Books  ? 


.  or  do  you  copy  the 


Date 


1904. 


Business 
Address 
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flgSDaElf      Time   Recorders 
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CONTROL 


© 
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OF 


TIME  and  COSTS 

IN 


© 
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© 
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WORKSanoOFFICE. 
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COMPLETE  SYSTEMS  ORGANISED  AND  INSTALLED,  g 

© 

© 
© 
© 
© 
o 
o 

For  Details  and   Appointments,  write—  JZ 

International  Time   Recording  Co.,  © 

171,    Queen    Victoria  Street,     LONDON,  E.C.  ;  g 

© 

*  And    19,  Waterloo  Street,  GLASGOW.  © 

©  %9 
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SS|flSIinS)f    '  Time  Recorders 


EMPLOYERS    OF    LABOUR 

Can  save  at  least  5°  „  ON  THEIR  WAGES 
BILL,  and  thousands  of  employers  do  so  by 

the  use  of  the 

"Dey"  Time  Registers 

which    are    automatic     machines     for     registering     the    hour    and    minute    at 
which     Employees    start    and    finish    worR, 

and,  with  New  CARD  ATTACHMENT  for  COST  KEEPING. 


They    are    of   British    Manufacture    Throughout. 

They  are  absolutely  the  best  Time  Recorders  in  the  World. 
They  are   the  cheapest  up-to-date   machine  on  the  market. 

They  are  guaranteed  perfect  in  every  detail. 
THEY     COMPEL    PUNCTUALITY. 


The  "Dey"  time  and  wages  sheets  combined  do  away 
with  time  books,  wages  boohs,  and  save  90  °  8  of  clerical 
work.  They  are  adaptable  to  every  requirement,  no  matter 
how   complicated. 

A  firm  using  1 5  machines  writes  :  "  We  shall  be  sorry  when  we 
change  the  boiler-shop  machine,  as  it  was  one  of  the  earliest,  and  has  had  the 
roughest  of  usage  together  with  the  maximum  of  vibration,  and  rudest  of  shocks  ; 
but  it  has  gone  on  working  the  whole  time  (nearly  six  years)  night  and  day,  and 
when  it  goes  to  you  for  repairs,  it  will  be  the  first  time  it  has  been  in  the  infirmary. 


Full  particulars  from  the  Patentees  and  Manufacturers  :— 

HOWARD    BROS., 

10,    St.    Georges    Crescent,    LIVERPOOL. 

Telegraphic  Address:  "Soxnez,  Liverpool."  Telephone:  7150  Liverpool. 

London  Offices  :  100c,  Queen  Victoria  Street,  E.C. 

Telegraphic  Address:  "Countable,  London."  Telephone:  5690  Bank. 
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CONTRACTORS  TO  H.  M.  GOVERN  MENT.  FOREIGN  GOVERNMENTS   HOME  &  FOREIGN  RAILWAYS. 

'<VCnn  triRMS    ESTABLISHF  r»  «  -o^- 
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^ELtGRAPmc  Address:  "  FLEAING,  HALIFAX. 

1ELEFHONE     No.    48     HALIFAX. 
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Large    Stocks    of    SHAFTING. 

Plummer      L^g^3|     Couplings, 
Blocks,       |r  ^Air       Pulleys, 

&c, 


ARE    KEPT    READY    FOR     IMMEDIATE     DELIVERY. 

BRIGHT    TURNED    STEEL  SHAFTING. 

Diameter    -        -        -        iAin.  2in.  2iin.  sin. 

Prices  per  foot  -        -  8id.  1/1  1/7  2/2 

Illustrated  "B"  Department  Catalogue  will  be   sent  Pott  Free  on 
application  to 


JARDIN 


Nottingham. 


British  Steam  Specialties,  Ltd., 

LEICESTER,  &  73,  FARRINCDON  RD.,  LONDON, 

E.C. 

No.  1.     Standard 

Globe  Valve. 

fin.  iin.    i Jin.   ijin.   '.in. 

4/-    5/6     «/■      •'/''    "'/ 

No.  2.     Renewable 

Disc  Globe  Valve. 

jin.   iin.   ijin.    ijin.   2111. 

5/6    7/-    10/-     13/-    20/- 

No.  12.  Standard 
Fullway  Gate  Valve. 
Jin.    iin.   1  Jin.    i^iii.    2in. 

4/      6/       $1        1,/      ,,,/ 

LIBERAL  DISCOUNT 


W.   WAT50N  &  SONS' 

Engineers'  Photographic  Outfits. 

Specially  designed  and  selected  with  particular  reference 
to  the  varied  requirements  of  all  classes  of  .  ,  . 

Marine,    Mining,  and   Mechanical 
Engineers,  Ship   Builders,  6c. 


No.  1. 


VALVES 


ALL 
TYPES. 


ESTIMATES 
AND 
ADVICE 
FREE. 


^*~  A  Photographic 
Outfit  is  now  an  abso- 
lute necessity  in  all 
engineering  works,  and 
we  have  fitted  up  many 
of  the  largest  firms  in 
the  Kingdom. 


Full  Photographic  Catalogue  (200  pages)  on  application  Department  I. 

W.    WATSON     «5    SONS, 

313,  HIGH  HOLBORN,  LONDON  : 

And  16,  FORREST  ROAD.  EDINBURGH. 

Opticians  to   H.M.Qovernment. 
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IMPROVED 
PATEKT 
FUEL 
FOR    ALL   TYPES    OF 

STEAM     BO/LERS, 


The  View  in  cut  shows  an  Installation  of  960  Tubes  recently  erected  with  the  Boiler  Plant  at  a 
MODERN      BLAST      FURNACE      WORKS. 


c* 

» 

'+ 

s 

^> 
'> 
5 
^> 
* 

> 
> 

> 
> 

I 

This  Economiser  represents  an  additional  Heating  Surface  of  nearly  10,000  square  feet  to  the  Boiler  Plant.       8* 

c* 

l» 

c* 

to  INCREASE  the  STEAMING   POWER  of  boilers.    5 

o^ 

PATENTEES  *     E.  GREEN  &  SON,  LTD  •  Wakefield.    | 

SOLE    MAKERS:  AIso  at  MANCHESTER.    LONDON,   AND   GLASGOW.  <> 

J* 
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iM^il             J 

WASTE    HEAT    FROM    BLAST    FURNACES 

UTILIZED 
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The  INDIA  RUBBER,  GUTTA  PERCHA  &  TELEGRAPH  WORKS 


Co.,  Ltd., 

Offices : 
106,  Cannon  St., 
LONDON,  EX. 


Works : 
SILVERTOWN, 
LONDON,  E. 


The 


POWER  GAS  CORPORATION 


LTD., 


39,  VICTORIA  STREET,  LONDON,  S.W.,  and  STOCKTON-ON-TEES. 

Producer=Gas  Specialists, 

And   MANUFACTURERS   of 

PRODUCER-GAS  PLANT  for  POWER  &  HEATING, 

WITH    OR    WITHOUT   AMMONIA    RECOVERY, 

™  MOND,  DDFF  A«D  TALBOT PATENTS 


.  r„      Perforated        Perforated  Metals, 
.KATES  CYLINDERS  ETC       Copper.  Wire  Work,  Gauze, 


)  Of  all  Metallic  Name  Plates. 


lie     Tvurn,    uau/,c,  a      _ 

tllC  Name  Plates   '    Descriptions. 

W.  Barns  &  Son, 

Christopher  Works, 

Chulton  Strac',  Euston  Road, 

London,  N.W. 


Wire  Work 
Holes.  of  all  kind*. 


Prided  tor  the  Proprietors  by  Soveiiwood.  Smith  &  Co.,  Umiti  Plough  Court,  1  titer  Laue,  London,  E.C.,  and  Published . 

Clun  House  burre>  Street,  Strand,  Loudon,  W.C. 


